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SOME EARTHWORMS FROM THE SOUTH SEA ISLANDS' 


Bv 

Shinjiro Kobayashi 

Keijo Second Higher Common School 

(With 1 text-figure) ^ 

(Received October 18, 1989) 

From the South Sea Islands under the Japanese mandate only four 
species of earthworms have hitherto been reported. They are Pheretima 
recta and Ph. taitensis from the Jaluit and Marshall Islands^' **^" and 
Ph, carolinensis and Drawida harwelli from the Carolines^ 

But Professor Teiso Esaki, of the Kyushu Imperial University, has 
recently, 'in the Mariana and Caroline Islands, collected several other 
specimens of earthworms, and hv his courtesy I have had the opportunity 
of examining them. They are referable to two species of Dichogaster 
bolaui (Michaelsen) and Phervtima sp. (juvenile). D. holaui is a species 
highly variable and is widely distributed in the warmer regions of the 
globe. 

The present report forms the first records of this species from Micro¬ 
nesia. 

I wish to express my hearty thanks to Prof. T. Esaki for the great 
kindness he has shown me in supplying the material. My most sincere 
thanks must be extended to Pitif. Sanji Hozawa of the Tohoku Imperial 
University for the kind help he has given me in my study of the speci¬ 
mens. 


Family Megascolecidae 
Subfam. Octochaetinae 
Genus Dichogaiter Beddard 
Dichogaster bolaui (Michaelsen) 1891 

t900 jD. bolauij MichakubRN, Ticrreich, Oligochaeta^ p. 340 (see this paper - for com¬ 
plete synonymy and bibliography up to 1900). 1901 D. bolaui, Mk^haelsen, Bull. Acad. 

Imp. Sci. 9t,-P4tersburg, XII, 2, p. 205; 1903 Michaelsen, Sb. B5hm. Ge». Prag, XL, 
p. 16; 1910 Michaelsen, Abh, Ver. Hamburg, XIX, p. 98; 1913 Mich arisen, Nova 
Caledonia, Zool., I, 5, p. 273; 1913 Michaelsen, Mem. Soc. neu. Sci. nat, V, p.'214; 

Results of Professor T. Esaki's Micronesia Expeditions, 1936-1938, No. 30. 
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1916 Michaklskn, Kungl. Sv. Vetenskpsakacl. Handl., Lll, Id, p. 37; 1916 D- bolaui 
palmicola, Stephenson, Rec. Ind Mus., XII, p. 348; 1917 D. bolaui, Stephenson, ibid., 
XIII, p. 413; 1920 Stephenson, Mem. Ind. Mus., VII, p. 257; 1922 MichaelSen, Capita 
Zool., I, 3, p. 18; 1923 Stef'HENSon, Fauna Rriti^h India, Oligochaeta, pp. 472-473; 
1924 Stephenson, Hec. Ind. Mus., XXVI, pp. 132 133; ]!12.5 Stephenson, ibid., XXVIl, 
p. 73; 1926 Stephenson, ibid., XXVIII, p. 266; 1928 Mk hakesen. Ark. Zool., 20 A, 
3, p. 9; 1931 Stephenson, P. Z. S. I^ondon, p. 65; 1931 Stephenson, Hec. Ind. Mus., 
XXXIII, pp. 195-197; 1932 Pickeofh), Di.sc. Rep., IV, pj). 286 287, 6g. 2j 1; 1935 
Ceknobvitov, Capita Zool., VI, 1, p. 12; 1938 Ph kford, Carnegie Inst. Washington 
Pub., 491, pp. 98-99. 

External characteristics: Body Ienf]jth is 17mm in one complete 
semi-mature specimen and is 14 mm in one specimen mature but with 
regenerated tail. Greatest diameter in clitellar region IJ-l.^mm. Num¬ 
ber of segments 94. ('olour uniformly buff, unpigmented, but clitellum 
brownish. 

Prostomium proepilobous. Segment 1 is not distinctly demarcated from 
II. First dor.sal pore in 5/6, distinct and functional; an indistinct and non¬ 
functional pore was found in 4/5 in two specimens. No dorsal pores were 
found on clitellum. 

Setae closely paired ; setal distance aa subequal to, or a little greater 
than, be ; ah subequal to cd; dd subequal to f of the circumference being 
measured in one segment immediately posterior to the clitellum. 

Clitellum in XIII~XX, well defined, .saddle-shaped, but its ventral part 
also slightly thickened comparing it with the general surface of the body. 
Glandularity extends to a-line, but in the lateral part it is slightly less 
developed than the dorsal, the intersegmental furrows being still present 
there. 

Prostatic pores, two pairs in XVII and XIX, on oA-line. Seminal 
groove almost straight; it is slightly concave lateralwards in one semi- 
mature specimen. Margin of groove is slightly thickened and weakly 
whitened. Male pores were not identified. 

Female pore single, midvcntrally on XIV, at the centre of an epidermal 
elevation which is indistinctly demarcated, glandulated and light-coloured. 

Spermathecal pores were not visible. But, their position was indirectly 
recognizable from slight depressions with glandular colouration in margin. 
Two pores in 7/8 and 8/9, on ofc-line. 

Internal anatomy: Owing to the small size of body it is very difficult 
to determine the disposition of the septa. But, we are able to interpret 
it indirectly judging from the situation of spermrithecae. None of these 
septa are especially thickened. 
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Two gizzards in VII and VIll, rather distinctly constricted. Crop 
moderately dilated and weakly musculated. 

Three pairs of calciferous glands are 
found of oval shape in XV XVII. Intestine 
begins in XV^Ill. l.ast pair of hearts in 
XH. Seminal vesicles rudimentary, in XI 
(and XII ?); in XII vesicle-like fragments 
only were found. 

Spermathecae \er> small. Ampulla 
ovoidal or pear-shaped. Duct thick, longer 
than ampulla, distinctly marked off from 
the latter. Div(Tti(‘ulum club-shaped, arising 
from about (he middle of the duct. 

JVnial setae are tyt)ical, showing the 
characteristic* dimorphism of the* species 
(Fig, 1). Hooked setae, length - 0.32-0.33 
mm, thickness 3.8-1,3// distally, 3.6 6.1 // 
in the middle part, and 7- 7.6 // proximally ; 
scal()el-shaped setae, length 0,26-0.29 mm, 
thickness 3.1-3.9// distally, 1.8-3.1 // in the middle part, 6-6.3// proxi¬ 
mally. Number of teeth found on a hooked seta is 1 in all of 8 cases 
examined. 

localities and materials: Lelo, Kusaie, Caroline Isis., Dec. 10, 1937, 
1 mature and 3 immature specimens; Sonson Taipingot, Rota, Mariana 
Isis., Nov. 6, 1937, 2 semi-mature specimens. 

Distrilmtioii: Africa, Madagascar, India, Burma, California, Mexico, 
Central and S. America, W. Indies, Germany (Hamburg), N(*w-Caledonia, 
Lx)yalty Isis., Mariana Isis., Caroline Isis., Philippine Isis., Borneo, Malay 
St., (Malay Archipelago if D. malayana is really synonymous with the 
present species), Hainan (after the completion of this manuscript, I re¬ 
ceived a paper of ^ Oligochaeta from Hainan, Kwangtung ’38 ’ from Chen). 

Remarks: D. bolaui is a highly variable species, many names having 
been given to it hitherto. It .seems to be certain that the present speci¬ 
mens belong to the pigmy typical form judging from the characteristics 
seen in the small size of the body, in the arrangement of the nephridia, 
and in the rudimentary seminal vesicles. 

One of the Columbian specimens reported by MichaelsEn^^' is only 
15 mm X 1J mm, A complete specimen in the present collection is 17 mm x 
l^-ljmm. These two specimens above mentioned are smaller than the 
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1. Du'hofifastrr holdui. 
a, distal <'nd of a scal|K‘I-sha|)od 
s(‘ta; 1), distal and of a hookad 
sot a. l a. > Uf)0 
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usual run of the species, 20-40 mm ‘According to Stephenson it 
is 50 mm in the average length of a number of specimens collected from 
Siju Cave, Assam. (Pickfokd's specimen from Guinea ' is as large as 
69 mm X 2 mm. Possibly as she remarked it may l)e a variety of the 
present species.) 

Female pore is seated on a glandular epidermal thickening which is 
not very conspicuous but is easily distinguishable from the neighbouring 
surface. There was not found any kind of groove, by which the thicken¬ 
ing is delimited forming a “ papilla ”. However, that may be 
owing to the incomplete maturity of the sp(»cimen. 

4’here are not any R‘cords which hav(‘ alluded to the presen<'e of the 
dorsal pore in 1/5. Rut in the case of th(^ present specimens it is rather 
indistinct and seems to be not functional. 

Penial setae are typical in shape. But, of the two kinds of s(‘Tae, 
the hooked one is notably thicker than the scalpel-shaped as in the case 
of Indian specimens. On the other hand these features are reversed 
in the case of Pickford’s Yucatan specimens' . Number of teeth found 
on the hooked setae has been generally known to he eight ^. Rut, 
it was four in all of the cases examined. According to Stefhenscjn^^'\ 
it varies within the range of 4-6 in the cas(‘s of Indian specimens. It is 
four in the Yucatan specimens too. 

(’litellum is saddleshaped, but the ventral part is, however, a little 
thicker than the general surface of the body. This characteristic as found 
in this organ has l)een also recorded by Stephenson in the cases of 
Burmese and Philippine specimens. Mainly from this characteristics, he 
has discussed the probable synonymy of I), vialayana with the present 
species. 

It is presumable that this pigmy form is a species transported by 
some agencies into these geologically younger islands from some neigh¬ 
bouring older ones such as Philippine, Melanesia and Malay Archipelago^ 
If it is really so, D. malayana and the present species are more closely 
related from the viewpoints both morphological and geographical. 

Subfam. Megascolecinae 
Genus Pheretima Kinberc. 

Pheretima sp. 

Locality and material: Lelo, Kusaie, Caroline Isis., Dec. 10, 1937. 
A single juvenile specimen. 
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Both externally and internally, the genital organs and their markings 
are not yet developed. Thus the identification of the species was not 
possible. Bui, one pair of simple, fmgor-shap(‘d intestinal caeca was seen 
to be fairly well-developed. Judging from the presence of this organ 
together with that of some other features, it is clear that the present 
specimen is of the species belonging to th(^ Michaelsen's subgenus 
Phen^tima. 

1,1 I'EItATtlKK 

I; Ml< HAI'.I.SKN, VV. (1^)00 . l)as l irrn'irh. Oli^ochacta 

2 . ()li^()(lia<‘t<’n \'on Mitt, naturh Miis Haml>ur><, 

27. 

2 - 19J0). I)i« ()lif.j()chatenfauna d<'r \ ()r<l<“riii(lisch-c«'v]onis('li(‘n ,\l)h Vor 

1 larnLiirf^, XIX. 

4' - Lil'i;. I)i<' ()lig()( hoileri von N<‘u ( 'al<‘tl<>nien un<) den henaehluirten I nsrl^M uppen. 

F. Sarasin X: J. Houx, Nnva (Adedonia, /ool., J. f). 

T)) - 1912). Du? ()li>j:()(haei<'n (^olumLjas. .Mem. So<’. neu. Sn. nal., V. 

()) Fk'KFori), G, K ,19,22'. ()liK<><diaeta, Fart II: Earthworms. Discovery Reports, IV. 

7) - (1928;. Earthworms in Yucatan ('av('s ('arnegie Inst. Washinj^ton Puh., 491 

8) Stki’Hknso.N’, J. 1922). Fauna of British India, Oh^'orhaeta. London. 

9j 1921. OliKochaf'ta of thf‘ Siju Cav(‘, Garo I^ilI'^, .Assam R<h I nd Mus,, 

XWl. 1 . 

10 I - (1921,. l)(‘s(Tipl ion of Indian Ohj<tochaeLa IF i nd., XXXIII, 2. 

ID Ui)K, H. vl905). d'erricole Gligochliton von don In.sidn d<‘r Sildsce imd \e rs( hiedomm 
andorn Gehieton dor Ixrdo. Z, wiss. Zool., LXXXIII. 




BEOBACHTUNGEN EINIGER THIOTROPHER SEEN JAPANS 
MIT BESONDERER BERUCKSiCHTlGUNG DER 
SCHWEFELBAKTERIEN. II 


\ ..N 

I aiixo .Iimik) 

hrs Instttut tit I htiist'iltt lift) lohaLu I tnrositat in Si'miiit 

Mil I Icxdif^’ui 

I .1 ii am Nnxcmltci I!) '!') 

I(‘h schon triihiM’ riiir /us;niim(‘nfasscn(l(‘ I )ai st('llun ;4 iinseiT'E 

(1<T/(m( K(‘Mn(niss(‘ iilxa' Schwass('rslo(i-S im d auf (ii und (l(‘r l)is- 
h(T ij 4 (‘n hun^^i'ii I)<n’in mhiI drri xon (h'li japaniscluMi 

HraGl\was^(*r'^(‘<'iK di(' \ (‘rschi<‘(l(‘n(‘ d'\'|)<*n xiMlrrlm iind an dnncn ich 
\ orlaufiUG HiMidaclilnn^rn ut'inachl halxG (’in^i'hiMid l)(‘'^|)r()r!i(’n. 
\d^l. .IlMHO IddS ) 

NtTKM'din^s liaUt“ ich (Gin/i;^n‘n tInotrophm (Ic- 
l)ir'^sv('(‘ \V<ikuik(' l»(‘/ii^d)(*h dor Scliw<‘|(‘ll)ak((‘n»‘n /ti uiiU'i'^uciicn. Ilicr 
inochli' ich die dahei ci’halh'nrn Mr;^cl)ni-«s(‘ inillcihn. |)i(‘ Kosten d(M’ 

\ ()ilicj 4 ('nd(‘n Arhcit \\ui'd<‘n /um Tcil duich (‘in Stipendmm von del 
.Ia|)aniscli(‘n (l('s(‘llM’hal 1 /ni' kkiiahaain^ der W iss(‘ns(’haft('n Ln ih'ckl. 1 )a' 
liiT Inn ich del’ ^n-nannlen (iesells(’liaf( /,ii aid i ichl i;^(‘ni l)anke \’er()(hcfite(. 
y\iisM‘rd(*in \\m’d(‘ a h Ix'i d('r 1 )mchfuhrun^^ di'i’ Ki'ohai’lUun^^i'n von di'ii 
Herren (i. Ml\,\MI‘>a\\ A nnd I\. Mi'lcxi'A in li(dMn)s\viirdi)s"er \Veis(‘ untei- 
stiil/1, vNoliii’ ihiK'H an di(‘S'‘f Sh-lk' dcT V(‘?'hindh(’hsti‘ l)ank aus^i'^prochi'n 
sei 

vSiidvvesI hch d(‘r Stadl Nagano, innnlt(‘n (Mik^s her^i^iai ( h‘land(‘S, he- 
findet sich d(‘r Iwakiiia (7()l in li. d. M i, \velch(*r dadnrcli hekanni 

1st, (lass h(‘s()nd(‘rs scan Siidwesthan^^ ^<‘<ilo^isch iin^(‘in(Mn lahil ist und 
s() d(a’ an s(*in(‘ni huss ki(d(‘nd(' Sai-hliiss i j0() ni ii. d. IVl.) ni(‘hf in als h(*i 
IcrdrutschiMi (lurch h('r<d)lall(*nd(‘ ka-dscholhai ^n'lnllt wordfm ist. Ikin 
j^M’osses Krdl)(‘l)(‘n rief iiu Jahre IS 17 (‘in(‘ von d(‘r \'(‘rlaiij4('rten Sjii'rrun^ 
d(‘S Slronu's l)ovvirkt(* Katas(ro|)h(‘ luMVor, und sc'huf in hallxa’ lliihe diesi's 
Siidvv(‘s(hang('s d(‘s H(‘r^n‘s Iwiikura Ixn oSO in li. d. M. d('n kleinen S(‘e 
VVakuike, von d(‘m nn vorli('^end(‘n AuKat/ di(‘ Bcnh' isl. 

Wie hei vi(‘h'n sonstiK<‘n S(‘(‘n in Japan, ist die alhu’i'rste Lotun^ nn 
Wakuik(‘ von I'anaka < 1926 ) durch,U(‘fiihrl woi’d(‘n. Kr hat dalaa vor 



8 


T. JlMBf) 


allem entdeckt, class das Seevvasser ^^r,reich an Sal/.cMi, inshesondere an 
Gips, ist, und dass das 'riefenwasscT^SchwefelwasserstoH cnithalt. Darauf 
sind die Eigentiimliehkeiten dieses Sees.xlurch gi iindliche UntiTsuehungen 
von YoshimUKA (1936) und Ueno (1936) fast allseitig klargelegt vvorden. 
In Wirklichk(‘it ist dieser, wie sein Name ausdriiekt iWaku-lkc* c|U(‘llender 
Weiher), mil untc'rseeisehem Quellwasser gespeisle St-t* /u d('n SalzscMu^ 
ZLi rechncm. 



Sonimrrhild \<ni Wakuikc, von Osten j'cs<dnM), im Hiiitorfj^rund si( li 
drs laics (]cs Sal•^luH^e‘< f'rhcbcnde Gcf)irf<c, vvortibcr man bci schoiicr)) 
\Vcn<‘r die Gipfel dcr „ japamM'h<*n AlpciischaucD kann. 


Lender vvissen wir iiber die Sehweiedbakterien dieses Schwededwass^u’- 
stnff-Sees und die Lage im Winter nic’hts. Diese laiekem auszufiillen, isi 
das Ziel der vorbegenden y\rbeit. 

Bei diesem kaiim 2»3 ha' messenden, rundlichen See, fehlt obc'rirdiseher 
AbHuss und auch die zwei Zufliisse sind recdit unbe^traebtlich. Indem das 
Seevvasser vvahrend des Sommers zuj* Bevvasserung benutzt vvird^ sinkt 
der Wasserstand, der im Spatfrcihling das Maximum erreicht, im Laufe 
dieses Zeitraumes s(‘hr stark herab, so dass di(‘ Wass(‘rtit‘f(‘ beim Nieder- 
wasserstand urn ca. 1 m (lacher als die Maximalticde von 10,8 m ist. 

Icb babe im Jahre 1939 zvveimal den Sec' besucht, erst im F'ebruar 
und dann im August. Irn Felrruar war das Wasser unter Lis bei vveitem 

' Darlibcr babe icb in clcr friibcfcn Schnft cinc irrtbrnlKhi* An^abe j^cinacfit. 
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klarer als im Hochsommer. So betrug die Sichttiefe im Februar 3 m, im 
August 0,7 m. Ubrigens ist alles, was ich jedesmal an einer profunden 
Stelle bestimmt babe, in nachstehender Tabelle zusammengestellt‘\ Be- 
merkensvvert ist, dass sich Schwefelwasserstoff nur irn Sommer anhauft. 


1 )afum 

snr 

1J : liber 8,3 m Tiefe 


—s'Vin:" 

: liber 6,7 m 

Tioff* 

lioto 

IVmporalur 

H,.S 

O, 

'r<Mnp<*nitur 

H.S 

K( 

tliche FSrbung 

m 


rcm/l 


mg/l 

du 

rh (3iromatien 

0 

0, 4 

0 

8,22 

29,3 

0 


- 

1 

3,4 


2,06 

26, 2 

0 


- 

I, r. 




20, 1 



- 

9 

3, 6 

0 

0, 88 

13, 3 

Spur 



2,6 




9,1 




a 1 

3, 5 


0, 74 

8,0 

6 


+4 

4 

3, 6 



7, 6 

12 



r> 

3, 6 



7,1 

16 


- 


3, 6 

0 

0,73 i 





7 i 

3, 6 

0 1 

0, 76 





7,6 

3, 6 

i) 

0,67 






3,6 








Damit haben wir nunmehr das Vorhandensein der Voll/.irkulation im 
Herbst bei diesein Se(‘ kennen gelernt. Ich hal e im Somm( r ein Mass(m- 
schvvarmen von Chromaiivm Wcissei, einer schwcfelfuhrenden Purpur- 
bakterienart, und Chlornvium mirahiU\ einer ausseTst eigenartigen, 
bevveglichen Grunbakterie" , hauptsachlich an der oberen Grenze der 
schwefelvvasserstoffhaltigen unteren Wasserschiclit gefunden. Das Wasser 
der betreffenden Tiefe zeigt deutliche pfirsichbliitrote Farb(‘, die von den 
C'hromatien hervorgerufen vvird, wahrond die au( den Griinbaklerien 
beruhende griine Nuance im Hintergrunde bleibt. Gleichvvohl sind die 
letzteren cbenso zahli-eich vvie die ersler(m, und ferner werden dies(‘ die 
Chromalien begleitenden Griinbaklerien niemals ausserhaU) d(T schwcdel- 
wasserst()ffhaltig(‘n Wassers<‘hicht gefunden. Diese Talsache liefert einen 
Beweis dafiir, dass sich diese Grunbakterienart aiif ganz diesel be Weise 
wie die Chromalien verhall, insofern als sie mindestens in ihren normalen 

*^J)as 'femperuturproHl und dio maxirnalc Schwefelwassprstoffkonzentration im Sommer 
8tehen im grosscn und (?anzen im Einklung mit Yoshimcras Hefund, worin die lelztere 
18,9 mg/l betrfigt. 

-^Hier/u ist auf die Schilderungen von Benm 0918) und von (jKITi.kr und pASCHfciR 
(1926) /.u vonveisen. 
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Standorten don Schwefelvvasserstoff nebst dem Lichte verlangt. 

In der Literatur liegen meines Wissens noch koine Angaben iiber das 
Vorkommen derartigor Griinbakterienplatten im S(‘e vor, obgleich sic be- 
ziiglich dor Achromation bisher nicht fehlen. Was di(‘ ohemosynthetischen 
farblosen Schwefelbakterien anbetrifft, so liogen di(^ Verhaltnisse oinigor- 
massen anders als boi den Purpur- und Griinbaktcrien. Boi ihnen, die 
anstatt dos Licbtes Sauerstoff fordern, ist ihrc Ansammlung an der Grenz- 
sobicht auf die Bediirfnisse naoh Sauerstoff einerseits und Schwefelvvasser- 
stuff and(Terseits zuriickzufiihren. Allordings ist die photosynthotisohe 
Natur der Ciriinbakterien kaum zu bozwoifeln. Abor man kann dariiber 
im Zvveifel sein, ob diese Griinbakterio pboto-boterolropb ware und wogen 
ibrer blossen anaeroben Besobaffenbeit aus der sohwefolwassorstoffbaltigen 
Wassersrbiebt nicbt austreton konnte. Wenn aucb der See tatsacblicb 
sebr eutropb ist' \ so scbeint es mir docb unwabrscbeinliob, dass eine so 
iippige Kntwicklung dieser Bakterie durcb wirklicb darin geldste organisc'be 
Substanzen unterstiitzt vviirde. Hier ist indessen zu beriioksicbtigen, dass 
(‘S siob bei Chloronwm mirabile nicbt um einzelne Bakterienzellen, sondern 
um eine Vereinigung eines zenlral gelegenen, begeisselten, farblosen Stab- 
chens mit mobreren umliogendon, geissellosen, griincn Stabchen handelt. 
Besondcrs beacbtenswert ist die Tatsacbe, dass die ganze Vereinigung 
nicbt den griinen Komponenten selbst, sondern dem farblosen zentralen 
Stabcben ibre Bewegung verdankt. Infolge der Schwierigkeit der Kultur 
sind vvir beuto nicbt in d(T Lage, die Natur des zentralen Stabcbens auf- 
zuklaren und das Wosen seiner taktiscben Bewegungen kennen zu lernen. 
Jedocb ist anzunebmen, dass jedenfalls das Verbalten des zentralen Stab- 
chens mit dtm Ansprlicben dor griinen Stabchen nicht im Widerspruch 
stehen darf. 

Der scbwarzo Tiefenschlamm riecht nach Schwefelvvasserstoff ebenfalls 
im Winter, zur Zeit wo dieses Gas im Seewasser nicht vorhanden ist. 
Bei wochenlangem Aufbewahren davon mit etwas Bodenwasser zusammen 
in einem in ein(‘ beleuchteto warme Kammer gestellten Flaschchen, babe 
ich Massenentwicklung daraus von Chromatium Weissei und Chlorobium 
limicoUi, einer gewbhnlichsten griinen Stabchenbakterie, wahrgenommen, 
was aucb im Sommer bei dem Chlorobium vorgekommen ist. Daraus 
geht hervor, dass die Chromatien u. a. im Schlamm iiberwintern. Das 
unbewegliche Chlorobium ist natiirlich nicht imstande, sich phototaktisoh 
an der Grenzschicht anzusammeln. 


''Vgl. hierllber Yoshimoka (1936) und Ueno (1936). 
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ZUSAMMENFASSUNG 

1. Ein Massens<hwarmen am Metalimnion von Chromatium Wcissei 
und j?runem Chloronium mirabile wurde an Wakuike, einem mitteljapan’ 
ischen Salzsoe, ermittelt, wo sich Schwpfelwassorstoff nur im Sommer 
anhauft. 

2. Diese "fatsache spricht dafiir, dass diese Griinbakterien, ehenso 
wie die Chromatien, Schwefelwasserstoff und Licht verlangen. 

3. Ferner wurde unbewegliches, griines Chlorohium limicola im Tiefen- 
s<*hlamm gefunden. 
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ON THE MULTIPARTITE CHROMOSOME-RING IN 
CEPHALOTAXUS DRUPACEA SIEB. ET ZUCC. 


lu 

'I'osiNOia Si (;iHAi(A 

Iholitgu (il Institute, Tohifku Imprmil V nuir'itty, SemUit 
Will) IM.itrs I-II 
. Ko< <mv(h 1 N<>V(>nilKT 27, 1929 

INI K<H)i:rn()\ 

Con c’crnin^ tlu' chroniosonu' nurnbur of Cephalolaxus dniparea, Lawson 
( 07) reported that it may 1h‘ ten in haploid and twenty in diploid gimera- 
tion, but IsHiKAU A {’!()) stattnl, by the observation of the rneiosis of the 
pollen mother-(‘ell, tlu' haploid chromosome numbeu- of this plant to be 
twelve. Recently Sax and Sax ( dd) ()(‘scril)ed in Crphalotaxus Fortunei 
that (he chromosoPH' numbtu of this i)lant is twelve in th(‘ mitosis of 
the endosperm. 

The writer’s occasional observations to (l('t(9’mine the (‘hromosome 
number of C. drupaeva had r(‘V('ale(.l that in certain individuals of this 
plant a multipartite chromosome-ring appears regularlv' in the first division 
of the meiosis. So last spring a detailed investigation was made on this 
subject. The lesults olitaiiKnl will he d(‘scribed in the present pajHT. 

Since the publication ol (’li:lani)’s re.search (‘onc(Tning the multipartite 
chromosouK'-ring of Otnothvra frntiriscana similar cases hav(‘ been report(‘d 
in a numb(T of fiovveiing plants. Hut in Gyrnnosiierms, as far as th(' 
writer is aware, as a single (‘xampU\ Matsi uka and Suro ( do) report(‘d 
a case in Taxtts cuspidata. In th(' meiosis of the male plants of this 
species, ten bivalents and an association of four chromosomes were observed. 

In this oi'casion the writer wishes to exprt'ss his cordial thanks to 
Professor Dr. M. I’ahaka for his helpful suggestions and criticisms during 
the course of this investigation. Thanks are also due to Mr. T. I kkasaki 
who collected the material from Tokyo. 

MATERIAL ANU METHOD 

For the present investigation thirty four male individuals were used. 
The localities of the individuals are as follow : 
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Individual-number Locality 

t . hi th<" grounds of tho Biological Institute. TAhoku lm[)erial 

University. Sendai 

2 21.Tcnshudai, S<*ndai. 

22, 23, 25 32'^ .Rifu (near SendaP. Miyagi JVefecture 

3.T .SI.Mjyaginobara, Sendai. 

Thr Ki>isjka\va jiotanic (dmfen of 'loki*' ]mp<‘riaJ Uni\ersit>. 


I"or the ol)S('rv<ition of tlio itkmosis in the pollon molhor-cells, tiu' 
smear preparations were used. I‘or fixative, 1 a^'LOK s solution was used, 
but chromic acid was reduced to about half quantity and maltose was 
not added at all. For staining Nkwton s gentian violet iodine was used. 
A .slight prt^sun' of the finger on the cover glass was very effective for 
the scatt(Ting of chromo.somes. 'Fhis enabled the writer to distinguish 
each chromosome with great ease. 

OBSKUVATION AND CONC'l.USION 

In the first place the haploid chromosome number of this plant was 
estimated to be tw'elv(‘ by observation of the metaphase of the first 
division of the m(‘iosis in pollen moth(*r-cells (PI. 1, fig. 1 ; PI. 11. fig- 
The writer’s attention was next directed to the constant associations of 
four or six chromosomes in certain individuals. Thorough studies of the 
thirty four individuals have shown that as for the association of chromo¬ 
somes five different types can be distinguished. For the sake of brevity 
they are shown as follow': ]2ji, lOn f 1 ,, 8ji f2.,, 7irf 1 l,n; and 
5n-I 2 4 ,4-(PI. P figs. 15). Nine out of the thirty four individuals 
constantly formed only twelve bivalents in the rneiosis (Table I ; PI. 1, 
fig. J ; PI. II, fig. 6) and in the remaining twenty five individuals, the 
chromosomal associations of four or six chromosomes were found (Table 


Table 1. Individuals of the Type, 12ii 


Individual- 

number 

T^Jumber of ex¬ 
amined nuclear 
plates 

Frequency of 

12]i 

Frequency of other associations 

5 

131 

131 

0 

21 

106 

ms 

0 

23 

114 

112 

2 (llii, 2ii 

2b j 

1 119 

117 

2 (llii, 2,^ 

29 ! 

J 103 

103 

0 

32 

25 

' 25 

0 

33 j 

20 

20 

0 

34 

20 

20 

0 

35 

1 

1 

i H 

0 


^'llic plant, No. 24 was very poor in growth and could not be used for this study, 
or (6) denotes a ring or chain of 4 or 6 ^-hromosemes. 
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Table II. Individuals of the Type. lOn + lu 


Individual- 

numbor 

Numt)pr of ex- 
aininod nuclear 
plates 

I'Vetiuencv of 
■lOii-Pl-1. 

Freiiuency of other associations 

12 

101 

101 

0 

13 

35 

35 

0 

U 

20 

22 

25 

117 ' 

3 1 

25 

115 

3 1 

2 !' Oil, lids 2F 

On ^rin^), 3i i i rod ) 

or, 

18 1 

IS 1 

0 

27 

25 

25 ! 

0 

28 

15 

15 i 

0 

30 

11 

3 

1 1 

.3 

1 A ' 

0 



Table 111 . 

Individual.s of 

the d'ype, 

811 -l- 2 

Indivitiuul- 

nutnber 

Niiinhei of e\- j 
I atriin<'(l run l«‘ar| 
plates 

I 

‘letpiencv oi | 

811 i 2 I ; 

1- retpieucv 

of other asstuiations 

I 

I 

18 

18 

0 


2 

' II 

11 

0 


3 

2l 

20 

1 > 8 ,,, 1 

chain of 4, 2ii rod '<) 

II 

! 25 

25 

0 



I’alile IV. Individuals of tlie I'ype, 7n t 1,1 I 


Individual- 
nuinh<‘r ! 


Numlx'r oT o\ , 
ajniiied nucliarj 
platfs I 


l''r<*({iioiu'v of 
7ii ‘ 1 , -4' 1 


Fro<|Ucii< y of oIIh'I asstKnations 


A 

11 

11 

It 





7 

3f> 

35 

1 (7ii 

fi rin^s, 

1 rotl , 1. I , 2 ( hams 

of 

3) 

9 

9 

7 

h8ii 

6 rin^s. 

2 lods;, 1 4 , 1 chain 

of 

1 


'VTii 

'110^;'. 1 

( , 1 ( hain of 5, 1 j) 



10 

31 

.30 

1 '811 

(G rings, 

2 rods), 1 1 , 1 chain 

of 

F 

15 

28 

28 

1 0 





16 

30 

30 

0 





17 

18 

19 

20 

07 

20 

.y lull 

(ring), 1 

1 , 2 ('flams of 3 



s. i 

« i 


pl'On 

(G ring.s. 

3 rods , 1 r, ) 




Table V. Individuals of the Type, f)n + 2 , 4 l,„ 


Individual- 

number 

Number of ex¬ 
amined nuclear 
plates 

Fre(}u(‘ncv of 

5114-2 t. + lm, 

Fre((uen(:v of other asso('iations 

1 

6 1 

24 

1 

0 

8 

1 

25 

i i 

0 


II--V; PI. I, figs. 2-5; PJ. II, figs. 7 10). 

The type of the association of the chromosomes was, in most cases, 
constant in a definite individual, with only a very few exceptions (Table I, 
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No. 2.S, 26; Table II, No. 20; Table HI. No. 2 and Table IV, No. 7. 9. 

10, 18) and in none of these exceptional instances was it the case, that 
the exceptional association could he considered as having been caused by 
the alteration of the chromosomal constitution. On the contrary, these 
exceptional cas(\s appear, in all proha})fiity, to have arisen from an oc¬ 
casional failure of the association or from an accitiental breakage of a 
multipartite chromosome-ring. For example in one individual among the 
group of the constitution, 10|,-f I ,, one nuclear plate was met with 
showing only twelve bivalents (Table 11), Nin(‘ of these twelve bivalents 
were ring-shaped, and the remaining thre<‘ uxtc rod-shaped. Probably 
twf) out of these thrc'e had com(‘ into (‘\istenc(‘ by the breakage of a 
tetrapartite chromoso?n('-ring. 'I'he bivahmls which are regarded as having 
appeared as the result of the breakage of a multipartite chromosome-ring, 
are, without exception, r(xl-shaped. It is important, however, that all 
rod-shaped bivalents should not be regarded as the derivative's of the 
multipartite chromos()m(‘-ring, because, as is shown in Talile VI, the 


Table VI. bTeciuencv of the a[)pearance of rod-shaped liivalents 






Tyi 

t2n 







type 

■, lOll ! 

■ 




I iidivirliilil- 



















Num- iminlxtr 

l>or of rod- 
-shapf'd Hivnli'nK 

111 a nuclfar plalc 

I ) 

2l 

2d 

20 

29 42 

:vA 

.dl 

3r> 

12 

Id 

14 

20 

22 

25 

27 

28 

dO 

31 

0 

OS 

70 


(i8 

Of) 10 

Id 

9 

H 

Oti 

2(; 

14 

91 

8 

10 

17 

Id 

d 

11 

1 

27 

2r> 

19 

:i6 

20 0 

7 

7 

0 

dd 

9 

10 

25 

0 


0 

2 

0 

J) 

2 

() 

II 

I 

14 

11 2 

0 

4 

0 

2 

0 

1 

1 

0 

1 

2 

0 

0 

1 

! 

0 

0 

0 

1 

0 1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 



'lype, 

8ii4 

2 p 



Ty 

P<‘. 

111 f 1.^.4 

In, 



3 vpe, 

5ii O 2 t 41 n 

IndividunI- i 

Num- nunilx‘1 

her of rod- 
rthaped bu alcnt<» 
in a nurlear plate 

1 

2 

d 

11 

1 

7 

9 

10 

15 

10 

17 

18 

19 

0 

1 

H 

0 

16 

5 

12 

23 

9 

25 

.5 

25 

10 

26 

17 

21 

6 

19 

21 

1 

2 

6 

7 

2 

1 

10 

2 

.5 

11 

4 

3 

5 

0 

5 

4 


0 

0 

9 

0 

1 

1 

2 

1 

1 

0 

0 

1 

0 

0 

0 

.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


normal bivalents sometimes take a rod-shape. So the estimation of the 
frequency of the appearance of the rod-shaped bivalents seems necessary 
for the determination of the chromosomal constitution. But in reality 
the frequency of their appearance was very low in all the individuals of 
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each type (Table VI). Bivalents with three or more chiasmata were 
never found. In rar(‘ exceptional cases bivalents have appeared as uni¬ 
valents. The association of four or six chromosomes is found, in its 
configuration, generally in a ring, and rarely in a chain (Table VII). 

Tabl(' VII. Percentage, in which the association, (4) or (6) 
occurs in chain configuration 


type* 

in cfiajn ronfiguration 

lOii ^ 1 t 

1 .a 

Hii4 

a.r> 

7n-^ I t M 

12.4 

rtjj 1 2 ,,-f- I;.. 

17.9 


In conclusion, in Ci']>hal()taxus drupnrra there are among tlie different 
individuals different chromosomal constitutions which are characteristic of 
each individual. Such a heterogeneity found among the individuals belong¬ 
ing to the same species has arisen perhai>s by segmental interchange of 
the chromosomes. Similar cast's have been already reported in Datura 
stramonium (Hlakkslkk '28, BrAKKsrKK, Bekgnek & Avkkv ’87 etc.), 
Campanula prrsicifolia (Gaikdnkr & 1)aklin(;ton '31, Daklin(-T()N & 
Gairdner ’37), Z(’a Mays (McClintock ’30 etc.), Pisurn sativum (Hakans- 
SON ’31, Sansomi: ’32 etc..), Lilium Hansonii (Ha(.a ’38) and others. 

It is remarkable that in Cephalotaxus drupacra the plants of the five 
different chromosomal constitutions an* found in close proximity in a very 
small restricted area. Whether out('r morphologi(‘al differences in con¬ 
formity with the internal chromosomal differences are or are not to be 
observed can not be decided at present. It is highly possible that further 
research of this plant will discover the existence of still other types of 
the chromo.somal constitution, for example 9ii H 1 . 

SUMMARY 

In the metaphase of the first division of the pollen mother-cells of 
cer^in individuals of Cej)halotaxus drupacea, special chromosomal associ¬ 
ations were found. In this respect five types were distinguished in this 
plant, namely 12n, I0u-f1(4„ Tn 4-!(,;+Go; and 5n + 2(4^ -f 1 

The type of association is constant in each individual. The multipartite 
chromosome-ring or chain should be regarded as having been caused by 
segmental interchange among the chromosomes. 
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EXPLANATION OF PITIES 
PLATE I 

Five types of chromosomal association in nieiotic melaphase. > 2070. 

Fig. 1. Type 12ri (Individual-number 5 . 

Fig. 2. Type 10ji-f-l(4; (Individual-number 12). 

Fig. 3. Type 8n4-2(4) (Individual-number 1). 

Fig. 4. Type 7 ii-F 1(4)-Fjai) (Individual-number 4). 

Fig. 5. T ype 5ji-f 2 4.-f-1 o; (Individual-number 6). 

PLATE 11 

MicrophotOgraphs of the three different types of chromosomal association..^ 

Figs. &-H X2220. Figs. 9^10 x4470. 

Fig. 6. Type 12n (Individual-number 5). 

Fig. 7. Type 10il + l( 4 ) (Individual-number 20). 

Fig. 8. Type 5 uT2c 4)'+-l(fl) (Individual-numl>er 6), 

Fig. 9. Ring of four chromosomes (Individual-number 6). 

Fig. 10. Ring of six chromosomes (Individual-number 6). 
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SiKiiHAK.v ; (Niromosomr-riiig in ( (‘phalotaxus. 



THE GAMETOPHYTES, FERTILIZATION AND PROEMBRYO 
OF SOADOPITYS VERTICILLATA 


i(\ 

Masai(» I am aha 

Htolo^nal Itisfitutt' rohitku linjxtuil { rmnsiti^, Scfulcit 
W ill) IM.tlr III <in() 10 lr\l 
Kim L'7. lO.'i!) 

In iho vi^ai (Ih‘ prcstMil \vnt(‘r pul)li‘>h('(l an account concerning 

tlu‘ gametojiln tcs and einhryo of Sriadopitijs vrrtiallata, a condor endeini(‘ 
to Japan. To inak(‘ fiirtlu'r studies of this |)lanl materials wtot' coll('('it‘cl 
in the succiacling \('ars. JJu“ ohscTvations hasial on these mat(‘rials will 
Ih' pjT‘s('nt(*d in the following pag<‘s. As in the pn‘ceding ri^si^arch, th(‘ 
mater ials \\(T(‘ collectial mainK from a large tria^ standing in th(' grounds 
of the Kameoka I lachiman, a shrnu^ in the suliurhs of Simciai. 

I 111-: MALI-: CAMI-.IOIMIV I K 

The meiotic doision in th(‘ pollen-mother-cells occurs earl>’ in March. 
I’\)r th(‘ (‘xammation of this division lh(‘ sm(*ar method was ('mployed. 
J’he fixation was made hy 'rAVLoids solution and the staining hy Nkwton's 
g(‘ntian viol(‘l lodimv Uu' division pi-oceeds normally. Ttm ring shap('d 
gcMiiini were (‘asil\ counted in th(‘ midaphase of th(‘ first division of th(‘ 
iiKuosis (hdg. 1 I. 





Kif< 1 1st division of tin' iniMOsis iii 
a pollen rnothn erll, ' 17(H), 


Fik- Mitosis iit th(‘ uppe-r 
rxtreinitv of the t)o ly cell. - S50. 
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Concerning the sperm cell of this plant Lawson describes as follows : 
“ . .there was no cell membrane separating these two male nuclei 
from one another. The two structures were found lying quite freely in 
the cytoplasm of the body-cell and one of them is slightly but distinctly 
larger than the other.’’ 


THE EFMAI.E (iAM ETOPHYTE 


At the end of May a single functional 
megaspore-motherTell is differentiated out of 
the surrounding sporogenous tissue. The 
tetrads resulting from the meiotic division are 
represented, as I.AWSON (1910) remarks, by 
three cells in the axial line, the middle one 
containing two free nuclei (Figs, f), a, b). The 
basal megaspore now enlarges and begins to 
form the endosperm. The process of endo¬ 
sperm formation in this plant is unique. At 
first, as usual, a thin protoplasmic layer con¬ 
taining free nuclei is formed and then th(* 
wall formation takes place (F’ig. 5, c). 

As is well known, in the Cymnosperms 
there are two types of wall-formation of the 
endosperm. In one tyj)e, at the final free 
nuclear division, walls are formed perpendicular 



\ 


T llic sp(‘rm celK 
rh<* mnallor Hperm cell is 
seen at the Hid<^ of th<* 
funrtionin^i s|)<*rm cell. ^ 20(V 

to the megaspon^ mem¬ 


brane. Thus the cells have at first no wall on the side towards the 


centre of the megaspore cavity. Afterwards the periclinal walls are 
formed, but the innermost sides of the innermost cells remain open. The 
method continues, until the central cavity is entirely closed. 

In the other type, the first walls, perpendicular to the megaspore 
membrane, extend to the middle of the megaspore cavity. So the long 
tube-like cells radiating from the centre are seen in this case. Later 
these cells are divided into numerous cells by subsequent divisions. 

The wall formation of the endosperm in Sciadopitys does not conform 
to either of these two types. The cells formed at the periphery next to 
the megaspore membrane are arranged with no regularity, that is they 
are not arranged in radial rows. Moreover it is remarkable that some 
of the cells contain one large or two or more small nuclei, and on the 
innermost side towards the central cavity a thin protoplasmic layer con¬ 
taining free nuclei is always seen during the whole course of the endo- 
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f). Of’V<‘l()j)m(’nl of tho ft‘nial<‘ gamclopliyto, a, tne^aspore mother 
cell. axial row of mef^aspores, the middle one of which has two nucltM, 
r, early stage of endosperm formation. J, later stage of the same, e, an 
<‘ndosp(‘rm c('ll containing K nuclei, a and b, vllOO. c, </ and e, X 260. 

.sperm formation ; thus a definite layer of cells remaining open on the 
side towards the central cavity is not formed in this case (Fig. d, e). 

I'HE VENTRAL CANAL NUCLEUS AND FERTILIZATION 

Shortly before fertilization, the nucleus of the central cell of the 
archegoninum undergoes a division, which results in the formation of th<‘ 
egg nucleus and the ventral canal nucleus. Ten slender chromosomes 
which appear in this division can be counted without difficulty both in 
the side view' and in the polar view. At the telophase of this division 
the nuclear membrane is usually formed only in the lower chromosome 
group (Fig. 6, a), i. e. the ventral canal nucleus is not formed at alL 
But in some exceptional cases the nuclear membrane is formed in both 
regions (Fig. 6, b). And the ventral canal nucleus remain intact for a 
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long time (Fig. 6, c). Sometimes 2, 4 or 8 supernumerary nuclei are 
seen in the middle or in the lower part of the archegonium, before the 
entrance of the sperm nucleus (Fig. 6, d). In the writer’s opinion they 
may perhaps be the products of the ventral canal nucleus. In some 
cases one or two of these nuclei are seen almost in contact with the 



Fig. 6. a, telophase of the division in the central cell of the archegonium; the 
ventral canal nucleus is not organized, h, ventral canal nucleus and egg nucleus are 
both organized, r, egg nufcleus and a ventral canal nucleus, d, egg nucleus and four 
small ventral canal nuclei, e, two small ventral canal nuclei almost in contact with 
the egg nucleus, a, b, X 240. c e, X 100. 


egg nucleus (Fig. 6, e). In one preparation, in the centra* of the arche- 
goniuna a fusion of two nuclei was observed (Fig. 7, h). This reminded 
the writer at first of the fertilization of the egg nucleus bv a sperm 
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7, a. P^gg-nucleus fused with sperm nucleus. 
b. Egg-nucicus fused with ventral canal nucleus. X 130. 


nucleus. But in this case 
the small nucleus was seen 
at side, not in the apex 
of the egg nucleus. So 
perhaps in this case, the 
egg nucleus is fused with 
the ventral canal nucleus. 
The figure which the 
writer considers as that 
of true fertilization is 
shown in Fig. 7, a. In 
this case the sperm 
nucleus which is very 
dense in its content is 
seen at the apex of the 
egg nucleus. 

rHK PROKMBRYO 

Shortly after the fertil¬ 
ization the first mitosis 
for the formation of the 


proembryo occurs. Twenty chromosomes are counted in this mitosis 

(Fig. 8). The resulting two nuclei remain in the middle part of the 

archegonium and divide simultaneously to give rise to four nuclei which 

descend to the bottom of the archegonium. In this region four successive 


nuclear divisions lake place one after 
another (Fig. 1-9, PI. III). After the 
fifth mitosis we see 82 free nuclei, 
which become soon arranged in tiers, 
and wall formation begins. We can 
now distinguish three parts of the 
proembryo distinctly. The lowest 
part, consisting of about 13 cells is 
the principal part of the proembryo. 
The middle part consists of about 10 
to 13 cells and are arranged in one 
layer. In these cells a wall is not 
formed on the side towards the 



Fig. 8. Polar view of the metaphajw* 
of the first division after the fertiKzation 
X1700. 
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general cytoplasm of the archegonium, therefore the cells remain open 
on this side up to the sixth division. In the uppermost tiers no cell 
formation occurs; about 6 to 8 nuclei are found in free condition. Now 
the sixth nuclear division comes about. This division is not, in the strict 
sense, simultaneous, as in one part, either the upper or the lower, it takes 
place earlier than in the other. Moreover it 


seems to the writer probable that in this case 
some nuclei, especially the ones in the lowest 
part do not perform the mitosis at all. After 
this division we see nearly 60 nuclei composing 




Fig. 9- The final stage of the proembryo develop¬ 
ment in four succPMsive aections. x 175. 


Fig. 10. ITie elongation o( 
the prosuspensor. x 1.50. 
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th(‘ final stage of the proembryo development. The middle part, one cell 
thick, is now surrounded completely by cf‘ll wall and later forms the? 
])rosuspensor. The number of th(‘ (‘ells in this layer is the same as that 
in th(‘ previous stage. 1 his is causc'd by tfie fact tliat in sixth division 
the nuclear sf)ind)es are directe^d, in this part of the' proembryo, almost 
paraded to the long axis of the archegonium (Fig. 8, Id. III). In the 
uppermost part we see' frc'e nucled and incomplete' eells which are' e^pe'n 
on the side towards the centre' of the arche'gonium. Later a few of the'se 
ojx'n ce'lls may be closed ('omi)le't('ly by the' cell wall to form the' so-calle'd 
rosette* ce'lls and eventually the* ojien cells disappear (big. 7, 8, PI. 111). 

in conclusion the proembrye) in the final stage* consists of about 20 
e'rnbryo initials forming the lowest part of the e'mbryo, 10 to l.d cells of 

the* prosuspensor, 0 to 2 losette* cells and about 20 to 80 free nuclei. 

In 1981 IOk'HHoi./ gave* an account relating to the* later stage's of 

the embryo formation in Sriod( jniys rrrtuillaia. Put his e'stimation as 

to the* number of the* cells in the diffe'rent parts of the proembryo does 
not coincide* exactly with the writer’s. 

He* sa\s; “The numbe'r (>f lowe'r e'mbryo initials is 12 to 18 or more; 
the* number of cells in the prosuspensor is usually 7 to 9, the* rosette 
cells 0 to 9 or moi’e ; and the number of free nuclei above the sus[)ensor, 
if there* are any, is unknown. ’ 

Among the conifers, in the* first period of embryoge'ny, 82 or more 
free nuclei are harmed in the Araucariaceae (Eamks, 1918; BukliN(;ame, 
1918). So in til is resfx'ct Sciadopiiys bears a gre^at resemblance to this 
family. Put in the structure of proemibryo after the* wall formation no 
similarity is obs(*rved in these* two plants. In any case Sciadopitys is a 
filant which shows a pronounce'd complexity in the course of its early 
embryogeny. 


SUMMARY 

1. In Sciadopitys verticillaia the body cell is divided into two unequal 
cells. The smaller one is formed in the upper or in the lower extremity 
of the body cell. This small cell later disintegrates and is found often on 
one side of the large* functioning sperm cell. 

2. In the endosperm formation, at first, a thin protoplasmic layer 
containing free nuclei is formed around the central cavity of the mega¬ 
spore. In the meantime the cell-wall formation begins. The cells newly 
formed are*, howewer, arranged with no regularity. Tlie radial arrange- 
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mont of the cells, which is usual in most species of Gymnosperms is not 
seen in this plant. Moreover some of the (‘ndosperm-cells of this plant 
contain one larj.:e or two or more small nuclei already in the early stage 
of the endos})(‘rm development. The thin f)rotoplasmic layer ('ontaining 
free nuclei is seem up to the final closure of the cavity. 

3. In some exceptional cases th(‘ ventral canal nucleus remain intact 
for a long tim(\ Some^time's 2, 1 or 8 su{)ernum(*rary nuclei are' found 
m the middle or in the* lower part of the arche*gonium, before the entrance 
of the' sperm nucle'us. The'v ai’ex in all pre)l)al)ility, the' produe'ts of the' 
ventral canal nucleus. 

4. In the course of the* proemhryo formation six simultane'e)us nuclear 
divisions take {>lace e)n(' afte'r ane)th<‘r. Vho ce'll-wall formatie)n he'gins 
after the* fifth nucle'ar division, that is afte'r the' formation e)f 32 free 
nucle'i anel is comple'te'd afte'r the' sixth nuclear elivisie)n. In (lie' sixth 
nuclear eli\ision some nuedei re'main in resting stage. Sei m the* final 
stage' of the* proe'mhrvonal developme'tit we* exinneit definitely count (i I 
nue'le'i. 3'he numhe'r eif the* cells in the' lowe'st pai't, embryo intitials, is 
about 20 ; the* numbe'r of e-e'lls in the* pr’osuspe'usoi- is 10 tei 13 eir more*, 
the rose'tte ea'lls 0 {o 3. the* frx'e nue'h'i m the* uppermost tier about 20 
te) 30. 
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EXPLANATION OF Pl^TE III 

I)t‘V€*lopment of i)roembryo in Sciadffpiiys vertirillata. Maj^nitiration, x 200. 

Fig. 1. ITifi 3rd mitosis after fertilization. 

Fig. 2. The 8 nucleus stage. 

Fig. 3. 3'he 4th mitosis. 

Fig. 4. The 16 nucleus stage. 

Fig. 5. The 5th mitosis. 

Fig. 6. The .32 nucleus stage. 

Fig. 7. Cross section of the middle pui t of the prosuspmisor in .32 nucleus stage 
after the cell-wall formation. 

F’ig. 8, The 6th mitosis. 

Fig. 9. The later stage of th<‘ 6th mitosi'-. 
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ON SOME CALCAREOUS SPONGES FROM JAPAN 


By 

Sanji Hozawa 

Biological Institute, Tdhoku lTnf>erial University^ Sendai, JafHin 
(With Plates IV~V and 9 text figures^ 

(Received Deoembt^r i, 1939, 

In the present paper the writer wishes to report on some calcareous 
sponges obtained from Japan. The specimens upon which the following 
descriptions were based had been secured by him while on collecting 
tours in the summer of 1933 to Wagu in Miye Prefecture, to Wajima 
in Ishikawa Prefecture and to Oshima in Miyagi Prefecture. In under¬ 
taking the above tours he received financial support from the Japan 
Society for the F^romotion of Scientific Research and to this society his 
sincerest thanks are due. 

The following is the list of species dealt with in the present work. 
Family Homocoelidae 

1. I^ucosolenia dathrata (Carthr) 

2. Leucosolenia ventosa, n. sp. 

3. Leucosolenia reticulum (O. Schmidt) 

4 . Leucosolenia gardineri Dendy 

5. Leucosolenia laxa Kirk 

6. Leucosolenia mutsu Hozawa 

Family Sycettidae 

7. Sycetta quadriradiata Hozawa 

8. Sycon omatum Kirk 

9. Sycon misakiensis Hozawa 

Family Heteropiidae 

10. Grantessa intusarticulata (Carter) 

11. Grantessa ampullae, n, sp. 

Family Grantiidae 

12* Paragraniia waguensis, n. gen. and n. sp. 

13. Leucandra rigida, n. sp. 

14. Leucandra spinosa, n. sp. 
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15. lu^mcandra glabra, n. sp. 

16. Leucandra frogilis, n. sp. 

17. Leucandra abratsho JIozavva 

18. Leucandra tnediocarudJata, n. sp. 

\ 

As is seen from the above list, the number of species is 18 in all 
and they are referable to 6 genera belonging to 1 families. 

Of the said 18 species, 10 are tho.se previously known while the re¬ 
maining 8 are described here for the hrst time. 

Poragrantia is a genus newly erected to receive the new species of 
Paragrantia zvaguensis. Paragrantia waguensis is peculiar in having a 
skeletal structure composed of pro[)er spicules around the a[K:)pyIe of 
ea(*h flagellated chamhcT. Such features ap[)earing in the apopyle skeleton 
do not seem to b(‘ present in any otluu* ca]('areous sponges. 

OKSdllPTlON OK THK SPKCIKS 
1. Lexicosolenia clathrata (C'artkr) 

Lruretta clathrata Cahti'.k, IHH.'i, ]>. 33, PI. I, tigs. 115-17. 

Clathrina tripodtfera var. fp’anda ('Aini.R, 1333-1886, p. 307. 

Leucosolema tripndifcra var. gravida Dkn'DY, 1391, p. 63. 

Leucosolcnia intermedia Kikk, 1393, p. 203, PI. TV, fig. 2; pK0Nl)STr.l>, 1926, p. 293. 

Leucosolenia clathrata Dkndv and Row, 1913, p. 728; Row arid Hozavn^a, 1931, p. 730. 

There are many specimens of this species in the collection. They 
were all gathert^d on the shore at Wagu, Miye Prefecture. Each of 
these specimens consists of colonies of flattened and anastomosing ascon- 
persons attached to the algae firmly. 

This species was first described by Carter (J883) in the name of 
Ijiucclta clathrata and afterwards it was recorded by several investigators. 
As Row and Hozawa (1931) have fully reported on this species, there 
is no need to add any further notes. 

Previously knoum Distribution. S. W. coast of Australia (Carter); 
Near Port Phillip Heads, Westernporl (Victoria), Kent Islands (Bass Strait) 
(Dendy); Cook Strait (Kirk); Island Bay, Wellington, N. Z. (Br^ndsted) ; 
Geraldton District, Fremantle Bay, Bunbury Bay (Row and Hozawa). 

Locality and Register Nos. of Specimens.- Wagu, Miye Prefecture, A 
1, A 2, A 3. 
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2. Leucosolonia ventosa, n. sp. 

(I^I. IV, fig. 1 ; textfig. J) 

The unique specirpen (Spec. No. A 1) representing this new .species 
was obtained at Wagu. The sjjonge is irregularly massive in shape and 
is more or less laterally compressed, being attached to some seaweed. 
The sponge is rather small and attains to a length of about 8 mm. The 
surface of the sponge is perforatc'd by numerous minute pseudopores. 
The pseudopores are circular in outline with a diameter of 160/c 

The colour of the specimen in alcohol is white and the texture is 
slightly rigid. 

Structures. The skeleton is made up of triradiates only. There are, 
however, two different types of triradiates, the larger and the .smaller. 
The larger triradiat(‘s are confined to the outermost parts of the sponge- 
colony, being rather closely set all over the pseudodermal surface, but 
leaving circular {)seudopores. The smaller ones, which form the main 
skeleton supporting the remaining part of the sponge body, are arranged 
irregularly in several layers. 

The wall of the ascon-tubcs contains only th(‘ smaller triradiates which 
are arranged in a thin layer. 



Textfig. 1. Leucosolenia ventosa^ n. sp. a, l.^rge triradiate.s. b, Small triradiates, 
<!, Triradiates of asroietube. (All x200) 
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Spicules (Textfig. 1).—Large triradiates of pseudoderm (a) slightly 
sagittal. All rays are straight and are of nearly equal thickness being 
20-25//. The basal ray is slightly longer than paired rays, being 150- 
180// long. Paired rays equal and HO-ISO// long. 

Small triradiates of the same (b) also slightly sagittal, all rays being 
nearly equally thick. The basal ray straight, gradually tapering to a 
sharp point, longer than paired rays, 100-120// long and 10-14// thick 
at base. Paired rays equal, straight or slightly curved forwards, or dis¬ 
tinctly curved at a point shortly distant from base, 70-90 // long and 
W-14// thick at base. 

Triradiates of ascon-tubes (c) slightly sagittal, much smaller than those 
of pseucloderm. All rays straight, gradually and sharply pointed, and are 
of equal thickness of 10// at base. The basal ray slightly longer than 
paired rays, 100-120// long. Paired rays equal and 85-100// long. 

Zvoca/itt/.-- Wagu, Miye Prefecture. 

Remarks. — This species appears to closely resemble MichluchoMac- 
lay’s Leucosolenia blanca^^ and Haeckel’s L. phillipina,^^ but differs from 
them, however, in the proportion of the basal ray to paired rays of large 
and small triradiates, that is, the basal rays of L. blanca and L. phillipina 
are much longer than the paired rays. And, moreover, the paired rays 
of these species are always straight. While in the species under observation 
the basal ray is slightly longer than the paired rays which are straight 
or curved. 

This species may be easily distinguished from von Lendenfeld’s L. 
macleayi^^ and Dendy’s L, stipitata*^ by the absence of peduncle and the 
difference in arrangement of spicules. 

3. Leucosolenia reticulum (O. Schmidt) 

(Textfig. 2) 

Nardoa reticulum O. Schmidt, 1862, p. 18, Taf. I., figs. 8-8 c. 

Nardop9is reticulum Haeckel, 1870, p. 247. 

Tarrus reticulatus Haeckel, 1870, p. 244. 

Ascandra reticulum Haeckel, 1872, Bd. II., p. 87; Bd. III., Taf. XIV, XX; von Lendbk- 
FELD, 1891, p. 223, Tuf. VIIL, figs. 7, 15. 

^^Guancha blanca^ Michlucho-Maclay, 1868, 

'-^Ascetta blanca var. phillipina, Hafxkel, 1872, Bd. 11. pp. 38-40; Bd. Ill, Taf. V., figs. 

5 a 5 c. 

^^Ascetta macleayi, von Li-:ndenfeld, 1885, pp. 1086-1087, PI. 62, figs. 11-13. 

iMcosolenia stipitata^ Dendy, 1891, pp. 51-52, PI. I., figs. 4-6; PI. IV., fig. 2; PI. IX., 
fig. 
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Ctaihrina retiadum Minchin, 1896. 

Leuco*olenia reticulum Dendv and Row, 1913, p. 723; Breitfuss, 1932, p. 243; 1935, 
p. 14; Topsent, 1936, p. 22, figs. 10, 11. 

Of this species there is a single specimen (Spec. No. A 5) in the 
collection. It was secured by the present writer at Wagu, Miye Prefec¬ 
ture. 

The sponge forms an irregularly shaped mass attached directly to 
the substratum. The height of the entire specimen is about 10 mm. and 
the greatest breadth is 4 mm. The pseudopores are evenly distributed 
over the pseudoderm. 

The colour is white in alcohol and the texture is rigid. 

Sttiicture.” The skeleton is composed of triradiates, quadriradiates, 
and oxea. The triradiates are arranged in a confused layer, the spicules 
being placed close together with rays overlapping. The oxea occur here 
and there and project more or less outwards through the pseudodermal 
surface. 

The wall of ascon-tubes consists mainly of quadriradiates, whose slender 
apical rays as usual projecting into the gastral cavity. 

Spicules (Textfig. 2).— Triradiates (a) regular, with straight and sharply 
pointed rays, 80-130// long and 10-14// thick at base. 



TextBg. 2. Leucosonelia reticulum (C). Schmidt), a, IViradiate^i. b, Quadri 
radi«te& c, Oxem. (All x200) 
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Quadriradiates (b) are of nearly the same size and shape as the tri- 
radiates above mentioned, but with the addition of an apical ray. The 
apical ray is straight and slender, gradually and sharply pointed, project¬ 
ing freely into the gastral cavity. It is slightly thinner and longer than 
the facial rays, 90 150/^ long and b-8thick at base. 

Oxea (c) nearly straight or slightly curved, sharply pointed at both 
ends, but one end is usually slender and more finely pointed than the 
other. Oxea is even in outline, 230-1^60/' long and 18-26/^ thick at 
the broadest portion. 

Remarks. — The specimen from Wagu seem to agree well in features 
with a species which was first described by O. ScHMiDT (1862) and after¬ 
wards has been very fully recorded by Hafxkkl (1872) and VON LendEN- 
FKLD (189]). The dimensions of spicules in the specimen to hand seem 
to be a little larger than those mentioned by Haeckel and von Lenden- 
FELD and, moreover, no S-shaped oxea can be found in the writer’s 
specimen. These differences between them may be looked upon as vari- 
tions. Th US the writer is inclined to identify the specimen with Habckel, 
VON Lendenfei.d’s species. 

In 193.5, Breitfuss reported on this species from the Adria Sea. In 
that report he stated that the Leucosolenia sagamiana^ described by the 
present writer to be synonymous with his own species without giving his 
grounds for this opinion. But his conclusion seems unconvincing, because 
L. sagamiana differs from Breitfdss’ species in several particulors, viz. 
in L. sagamiana J) the quadriradiates are more numerous than the tri- 
radiates, 2) the apical ray is much longer than the facial rays, that is 
the former is about twice as long as the latter. While in L. reticulum, 
the apical ray is nearly equal in length to the facial rays. 3) Oxea of 
/>. sagamiana is very large in comparison with the triradiates. The tri- 
radiates are nearly equal in size in both L. sagamiana and L. reticulum. 
These differences above alluded to occur rather constantly, and thus it 
seems to be reasonable to distinguish these L. sagamiana and reticulum 
as two quite separate species. 

Previously known Distribution, AArm Sea (O. Schmidt, Haeckel, 
VON Lendenfeld, Breitfuss); Greenland (O Schmidt); New Foundland 
(Breitfuss); Banyuls (Topsent) ; Napoli (Vosmaer). 

Locality and Register No. of Specimen.- Wagu, Miye Precture, A 5. 


^^Leucosolenia sagamiana, Hozawa, 1929, pp. 281-282, PI U figs. 1, 2; T«xtfig. 1. 
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4. Leucosolenia gardineri Dendy 

Leucasole.nia ffardineri Dkndy, 19] f, p. 2, PI. 1,, fiRs. 1-2, PI. HI., figs. 13. 

This species is represented in the collection by seven specimens, which 
were obtained at Wajima, Noto Province. 

The sponge body shows a reticulation very closely-meshed, and more 
or less flattened, attached to the substratum directly. The surface of 
the sponge is perforated by numerous pseudopores with a diameter of 

200-400 /A 

In respect to the canal system and skeletal arrangement, these speci¬ 
mens are exactly identical with the type specimen. In spiculation, these 
specimens are also identical with the type, except as regards the thickness 
of the spicules. Namely, the thickness of the spicules in the specimens 
to hand is 10-22/^, while that of the type specimen is 7-12 /a But this 
difference may be considered as a variation in spicules. 

Previously known Distribution. Chagos Archipelago (Df:ndy). 

Locality and Register No. of Specimens. — Wajima, Province Noto^ 
B 1, 


f). Leucosolenia laxa Kirk 

lA'ucosolenia laxa Kikk, 1895, p. 208, PI. IV^, lig. 1; Dknoy and How, 1915, p. 722; 
lIozAWA, 1928, p. 220, PL 1., 0^'’. 

This species is represented in the collection by many specimens ob¬ 
tained from two different localities. The first group of specimen (Spec. 
No. B 2) was collected from Wajima by the present writer. The other 
group was obtained at Oshima, Miyagi FVefecture. All these specimens 
are irregular and massive in shape being attached to the substratum 
directly. The specimens vary in size from a very minute example up to 
a mass 15 mm. long and 20 mm. wide. 

In anatomical structure these specimens agree well with the description 
given by Kirk. 

Previously knoum Distribution.- New Zealand (Kirk) ; Mutsu Bay 
(Hozaw^a). 

localities and Register Nos. of Specimens. Wajima, Ishikawa Prefec¬ 
ture, B 2; Oshima, Miyagi Prefecture, C 1. 

6. Leucosolenia mutsu Hozawa 

LeMcosolenia multti Ho2Jlwa, 1928, p. 219, PI. L, tiRH. 1-3. 
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There are two specimens of this species in the collection. They were 
taken at Oshima in Miyagi Prefecture. Each of these specimens forms 
an irregular mass consisting of a loose net-work of ascon*tubes. One 
specimen attains to the length of 7 mm. and the other to 5 mm. 

In the general structure of the ascon-tubes, in the arrangement of the 
skeleton and in the spiculation, these specimens are identical with those 
of the type. 

Previously known Distribution. Mutsu Bay (Hozawa). 

Locality and Register No. of Specimens. Oshima, Miyagi Precture, 
C 2, 


7. Sycetta quadriradiata Hozawa 

Sycetta qtuidnTadiata Hozawa, 1929, p. 294, PI. 11., figs. 12, 13, 1 extfig. 7. 

This species is represented by a single specimen (Spec. No. A 6) in 
the collection. It was obtained from Wagu, Miye Prefecture. The speci¬ 
men is a solitary individual of tubular form being about 10 mm. in total 
length and 1.5 mm, in the greatest breadth. The colour in alcohol is 
greyish white and the texture is soft. 

With regard to the arrangement and the spiculation, the specimen is 
exactly similar to the type specimen. 

Previously known Distribution. Off Yamakawa, Kagoshima Bay 
(Hozawa). 

Locality and Register No. of Specimen. Wagu, Miye Prefecture, A 6. 

8. Sycon ornatum Kirk 

Sycon ornntum Kikk, 1897, p. 314, PI. 31, figs. II a, TJ b; PI. 32, fig. II; Dendy and 
Row% 1913, p. 747. 

ITiis species is represented by five specimens (Spec. No. C 3), all of 
which being obtained at Oshima, Miyagi Prefecture, 

They are all of a nearly similar appearance. Each of them represents 
a solitary individual of an elongated cylindrical form, broadest at a part 
a little below the top, and narrowing towards the base. The sponge is 
attached to the substratum by means of its base and shows at the 
upper end an osculum, which is surrounded by a well-developed collar. 
In the largest specimen the total length is 11 mm. and the greatest 
breadth is 2.5 mm, 

The species has been fully described by Kirk (1897), so that no 
further details are necessary. 
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Previously known Distribution .— Cook Strait (Kirk). 

Ixtcality and Register No. of Specimens.-- Oshitna, Miyagi Prefecture, 


9. Sycon mUakiensis Hozawa 

Sycon miaakierunis Hozawa, 1929, p. 300, PI. III., figs 16, 17, Textfig. 9. 

This species is represented by a single specimen (Spec. No. C 4) in 
the collection. It was obtained at Oshima, Miyagi Prefecture. 

The sponge represents a solitary individual of a slightly laterally 
compressed elongated sac-shape, attached by the narrowed base to the 
substratum. The breadth of the specimen is about 5 mm. and the thick¬ 
ness of the wall is 1.5 mm. in the middle part. The upper part of the 
sponge was broken, so that it is impossible either to ascertain the features 
of oscular margin or to measure the height. But, as in the external 
appearance and in the internal structure it agrees well with the type 
specimen, the writer identified it with the present sjiecies. 

Previously krunvn Distribution. Misaki (Hozawa). 

Locality and Register No. of Specimen. Oshima, Miyagi Prefecture, 
C 4. 


10. Grantessa intusarticulata (Carter) 

Hypograntia intusarticulata Carter, 1885-1886, p. 45. 

Hypograntia medUtaTtictdaia Carter, 1885-1886, p. 46. 

Gfunttssa intusarticulata Denuy, 1892, p. 108; 1893, p. 181, p.' 201, PI. XIII., fig. 18; 

Dendy und Row, 1913, p. 753; Hozawa, 1916, p. M, PL I., fig. 4, PI. II., 
fig. 13, Textfig. 3; 1929, p. 318; 1932, p. 7; Ur^nosted, 1926, p. 308; Row 
and Hozawa, 1931, p. 775. 

Graniia intusarticulata BREiTKUsa, 1897, p. 219. 

Many specimens of this species were collected at Wagu and at Wajima. 
All the specimens reprasent a colony of several small and tubular indi¬ 
viduals joined together at their bases. 

The colonies from Wagu consist of thicker tubes than in those from 
Wajima, and moreover the oscula are surrounded by a fringe of well- 
developed oxea. The colour in alcohol is white. But in the specimens 
from Wajima, the oscular fringes are not developed so well. 

In features, both of the specimens from Wagu and from Wajima 
agre^ well with the description of this species given by previous writers. 

Previously known Distribution .— Near Port Phillip Heads (Carter, 
Dkndy); Watson^s Bay, Port Jackson (Dendy); Sagami Sea, Japan 
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(Hozavva); Island Bay, Welligton, N. Z. (BkJ^ndsted) ; Geraldton District, 
S. W. Australia (Row and Hozawa). 

Localities and Register Nos. of Specimens. Wagu, Miye FVefecture, 
A 7, A 8, A 9, A 10: Wajima, Lshikawa Prefecture, B 3. 

II. Grantessa ampullae, n. sp. 

PI. IV, fig. 2; Textfig. 3} 

This species is based upon a single specimen (Spec. No. B 4) which 
was secured at Wajima, Noto. It represents a cupdike individual laterally 
compressed. It measures about 5.5 mm. long by 7 mm, broad at the widest 
part and the thickness of the wall is about 0.8 mm. The osciilum is 
circular in shape with a diameter of 2 mm. and its margin is thin and 
naked without any fringe. The dermal and the gastral surfaces are both 
smooth without any projecting spicules. The colour of the sponge in 
alcohol is greyish white and tlie texture is rigid. 

Structure. — The canal system is typically syconoid. The flagellate 
chambers are arranged radially with regularity. They are straight, circular 
in transverse section and are usually undivided. 

The dermal skeleton is composed of densely and tangentially placed 
sagittal triradiates and of the paired rays of subdermal pseudosagittal 
triradiates. In general there is not any regularity in the orientation of 
the dermal triradiates. The tubar skeleton is made up of the strong 
centripetal basal rays of subdermal pseudosagittal triradiates and of the 
centrifugal basal rays of subgastral triradiates. The gastral skeleton is 
more weakly developed than the dermal and is composed of tangentially 
placed slender gastral triradiates and of strongly developed paired rays 
of subgastral triradiates. The osculum has no special skeleton. 

Spicules (Textfig. 3).— Dermal triradiates (a) sagittal. All rays are 
of equal thickness being 14-32 /^, tapering from base to a sharjjj point. 
Basal ray straight, 135“ 320// long. Paired rays are in most cases un¬ 
equal and are either almost straight or slightly curved. The longer ray 
of the same is nearly equal to the basal ray- In length, 135-330// long. 
The shorter ray is almost straight or slightly curved near the sharp point, 
90 270 // long. * 

Subdermal triradiates (b) pseudosagittal, stout. All rays are of different 
length and lying not in one plane, but are of nearly the same thickness. 
Basal ray much longer than paired r^ys, sharp-pointed, straight or slightly 
curved, 260-480// long and 20-40// thick at base. Paired rays are of 
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different length and shape. The longer ray of the same is strongly curved 
backward and gradually sharp-pointed, iOO-250/^ long and 20-40/^ thick 
at base. The shorter ray is almost straight and 90-240/^ long. 

Subgastral triradiates (c) strongly sagittal, stout. All rays are equally 
thick and smooth. Basal ray straight, gradually tapering from base to 



Textfig. 3. Grantessa ampullae^ ti. sp. a, Dermal triradiates. ».b, Subderraal pseudo- 
•agittal triradiates. c, Subgastral triradiates. d, Gastral triradiates. (All X150). 
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sharp point, considerably longer than the paired rays, 260-410 ^ long 
and 14-30 thick at base. Paired rays nearly equal in length, straight 
or slightly curved and lying not in one plane with basal ray, 90-250 
long and 14-30/^ thick at base. ' 

Gastral triradiates (d) sagittal and slender. Basal ray straight, sharply 
pointed, 90-210// long and 10-18/^ thick at base. Paired rays nearly 
equal, always curved forwards and not lying in the same plane with basal 
ray, 65-190long and 10-18// thick at base. 

Remarks,— In the structure of the skeleton, this species bears a close 
resemblance to Jknkin’s Grantessa simplex^' and to the present writer's 
G. basipapillaia; hut from the former it differs in the unequal length 
of paired rays of the dermal triradiates, and from the latter in the absence 
of the gastral quadriradiates. Moreover, this species differs from both of 
these species in the external appearance. 

lA)cality and Register No, of Specimen .— Wajima, Ishikawa Rrefecture, 
B 4. 


12. Paragrantia waguensis, n. gen. and n. sp. 

(PI. V, figK. 811; Textfig. 4) 

There are eight specimens of this new species in the collection, which 
are now deposited in the museum of the Tohoku Imperial University. 
All of these specimens were obtained by the writer at Wagu, Miye 
Prefecture, in July, 1933. 

The sponge (PI. V, fig. 8) forms a rather simply branched colony. 
It grows vertically upwards, being attached directly to the substratum by 
means of its base. The large.st specimen is about 40 mm. long and is 
8 mm. in the greatest breadth. The dermal surface of the body is nearly 
smooth without any projecting oxea, but the gastral is punctated on account 
of numerous small exhalant pores. The sponge wall is about 2 mm. thick 
in the middle part of the body, gradually becoming thinner to^yards the 
osculum. The osculum is elliptical and is surrounded by a feebly developed 
collar. The osculum is 3.5 mm. long and 2 mm, wide. 

The texture is fairly rigid. The colour of the sponge in alcohol is 
milky white. 

Structure.— The canal system is of syconoid. The flagellate chambers 
are of an elongated sac-like shape, measuring about 1.5 mm. in length 

^^Grantetsa simpleXyJEtitiiN, 1908, pp. 446-440; TextBgs. 93-97. 

^^Granttssu hasipapUlata, HoSeawa, 1916, pp. 10-23, PI L, % 6; PI. IL, 14; 4. 
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and about 150in dianieter. They are arranged radially around the 
gestral cavity and usually are not branched. 

The skeleton (PI. V, fig. 9) is composed of triradiates, quadriradiates 
and oxea, the last mentioned spicules occurring only in the oscular margin. 
The dermal skeleton is consisted of triradiates, which are tangenially 
arranged in dense several layers. 

The tubar skeleton is of an articulate type and is made up of tri¬ 
radiates set in many rather confused layers. It receives an addition of 
some basal rays of subgastral triradiates. 

The gastral skeletion is composed of tangentially placed tri- and 
quadriradiates, which are provided with apical rays projecting Into the 
gastral cavity. 

Around each apopyle of the flagellate chamber, there may be dis¬ 
tinguished a distinct skeletal structure. This apopyle skeleton is composed 
of a number of quadriradiates, which are arranged in several layers and 
which are set radially around each apopyle with their apical rays pro¬ 
jecting into the apopyle (PI. V, fig. 10). 

The skeleton of the oscular margin is made up of tri- and quadri¬ 
radiates with an addition of some oxea. The oxea run longitudinally 
and parallel with one other, their distal ends almost not projecting from 
the oscular margin. 

Spicules (Textfig. 4).— Dermal triradiates (a) sagittal and are of two 
kinds. In one kind of the spicules, all rays are nearly equally thick, 
measuring 12"”20/^ at base, gradually tapering to sharp point, and lying 
in one plane. Basal ray straight, always longer than paired rays, 80- 
320 long. Paired rays slightly unequal, either straight or slightly curved 
forwards. The longer ray is 130-220/^ long and the shorter is 60-170/^ 
long. The other kind of the spicules are very few in number in com¬ 
parison with the former. Basal ray nearly straight, but is narrowed in 
the middle part becoming thinner than the end. They are 250-420 
long and the thickness measured at base, in the middle, and at end are 
respectively 10-16/^ 4-5/^, and 8-10Paired rays unequal and the 
difference in length is rather distinct. The shorter ray straight, 50-110/^ 
long and 10-16 A* thick at base. The longer ray also straight, tapering 
from base to the sharp point, 80-135long and 10-16/^ thick at base. 

Tubar triradiates (b) sagittal. Basal ray straight, longer than paired 
rays, 140-225/^ long md 10-16/^ thick at base. Paired rays equal, 90- 
160/^ long and 10-16 a* thick at base. 

Quadriradiates of ^popyle (Pl, V, fig. 11; Tepctfig. 4 c) have the both 
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of the paired and basal rays gradually tapering and sharply pointed and 
of nearly equal thickness. All rays not lying completely in one plane. 
Basal ray straight and short, 20-25 long and 1 thick at base. Paired 
rays equal, more or less curved arround the a|)opy]e, 56-70/^ long and 
4 thick at l)ase. The apical ray is broadest in the middle part which 
is surrounded by an irregularly undulating outline, and whence it is 
narrowed towards the base and the pointed end. As a whole the apical 
ray of the apopyle quadriradiate spicule is peculiar in appearance looking 
like a frame of torch. It is about 20/^ long and 12 18/>« thick at the 
broadest part. 



1'extfig. 4. Pamgrantia wagucnsi^, ii. grn. and s]j. a, t)c*rnial triradiates. h, Tuhar 
(riradiates. c, Quad''iradiatns of apopyle. d, Subgastral triradiates. e, Gastral tri- 
radiatoH f, Gastral quadriradiates. g, Triradiates of oscular margin, h, Quadriradiates 
of oscular margin, i, Oxea. (a, l>, d-i x U)0, c x200) 

«. 

Subgastral triradiates (d) sagittal. All rays slender, equally thick, 
tapering to sharp point. Basal ray straight, much longer than paired 
rays, 180-350/'' long and 8-10/^ thick at hase. Paired rays equal, widely 
divergent, nearly forming a straight line, otherwise they are slightly curved 
at hase, 6.5-110/^ long. 

Gastral triradiates (e) strongly sagittal. Basal ray straight, slender. 
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100-390/^ long and 8-10/^ thick at base. Paired rars 79-200/^ long 
and 8-10/^ thick at base. v 

Gastral quadriradiates (f) nearly similar to the above gastral triradiates, 
only differing in the presence of an apical ray. Basal ray 100-399/^ 
long and about 19/^ thick at base. Paired rays 115 179/^ long and 
about 19/^ thick at base. Apical ray is 49-99/^ long and about 12/^ 
thick at base. 

Triradiates of oscular margin (g) strongly sagittal, with basal ray 
straight, much longer and thinner than paired rays, about 349/^ long 
and 19/^ thick at base. Paired rays equal, n(‘arly straight, about 159/^ 
long and 12 thick at base. 

Quadriradiates of oscular margin (h) strongly sagittal. As in the case 
of the oscular triradiates, the basal ray is straight and is longer and 
thinner than paired rays, 159“42()/^ long and about 8/^ thick at base. 
F^aired rays equal, slightly doubly curved, first backwards and then slightly 
forwards, 159-290// long and 19// thick at base. Apical ray straight 
and short, 29-40// long and 10/^ thick at base. 

Oxea of oscular margin (i) elongate spindle shaped, slightly curved, 
sharply pointed'at both ends, even in outline, 309-889// long and 14-28// 
thick in the thickest |>ortion. 

Locality,- Wagu, Miye 1 Prefecture. 

Remarks .— Judging from the features above mentiont'd, this sj^onge 
without doubt belongs to the family Grantiidae. But the most conspicuous 
feature of this sponge is the presence of a distinct apopyle skeleton, which 
is formed by quadriradiates of peculiar h^atures around the apopyle. So 
far as the present writer is aware, such a structure, composed of spicules 
of this peculiar nature, has not hitherto been observed in the Grantiidae. 
It seems to him to be hightly reasonable to create a new genus Para- 
grantia among the family Grantiidae to include this new species, basing 
the generic diagnosis upon the most p('culiar features of the apopyle 
skeleton above alluded to. The genus Paragrantia is diagnosed as follows : 

Paragrantia, n. gen. 

‘‘'Canal system syconoid. Sponge asually a simple branched colony. 
Tubar skeleton articulate, composed of radiate spicules, which may or 
may not be supplemented by oxea. Around each apopyle of the flagellated 
chamber there exists a special skeleton composed of proper radiates." 
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13. Leucandra rigida, n. sp. 

(PI. IV, fig. 3; Tcxtfig. 5) 

This new species is represented in the collection by three specimens. 
Each of them forms a massive colony with a number of oscula. The 
writer has selected the largef^t specimen shown in PI. IV, fig. 3 on which 
to base the following detailed description. 

The sponge is in the form of a mass with three oscula. The mass 
is broadest near the base and is narrowed towards one of the oscula. 
The total length of the body is about 20 mm. and the greatest breadth 
is about 15 mm. The oscula are circular or oval in shape with a diameter 
of 1.5-2 mm. and are not surrounded by any fringe. The dermal surface 
is hispid due to the projecting oxea, and the gastral surface is also slightly 
hispid from the apical rays of the gastral quadriradiates. The colour in 
alcohol is white and the texture is rigid. 

Structures.— The canal system is of the leuconoid type. The flagellate 
chambers are of sac-like shape, circular or oval in cross-section, measuring 
up to 140/^ long by 90/^ thick. The exhalant canals are 300-640/^ in 
diameter. 

The dermal skeleton is composed of triradiates, large oxea and microxea. 
The triradiates are placed tangentially and are closely set in several layers 
without any orientation. The large oxea occur in the sponge waMs^jvith 
their distal ends projecting from the dermal suface to some extent. The 
microxea are in soarse distribution, each projecting nearly vertically from 
the dermal surface. 

The tubar skeleton is made up of triradiates which vary in size and 
are irregularly scattered in the chamber layer, 

I’he gastral skeleton consists of microxea and of slender quadriradiates. 
The quadriradiates are fairly closely set and are tangenially disposed in 
a few layers with their apical rays projecting into the gastral cavity as 
well as into the exhalant apertures. 

The oscular skeleton is compK)sed of dermal and gastral spicules, and 
there is not any peculiality to be mentioned of their arrangement* 

Spicules (Textfig. 5).— Dermal triradiates (a) regular or subregular, 
variable in size. Rays equally thick, even in outline, sharply pointed, 
100-770/^ long and 10-60thick at base. 

Tubar triradiates (b) regular, varying in size, stouter than the tri¬ 
radiates of the dermal skeleton. Rays straight, tapering from the base 
to sharp point, equally thick, 200-900/^ long and 20-90/^ thick at base. 



CALCAREOUS SPONGES FROM JAPAN 


46 


Quadriradiates of the larger exhalant canals (c) sagittal apd slender* 
Basal ray straight nearly as thick as the paired rays but shorter. It is 
100-140long and 8-10// thick at base. Paired rays equal, slightly 
curved forwards, 140-210/^ long and 8-10/^ thick at base. Apical ray 
straight, variable in length, slightly thinner than facial rays, 60-310/^ 
long and 6-8 ^ thick at base. 



c, Quadriradiates of larger exhalant canal, d, Gastral quadriradiates. e, Large oxea. 
f, Gastral microJcea. (a *e X 80. f X 320) ^ 
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Gastral quadriradiates (d) sagittal. Rays rather slender and equally 
thick. Basal ray straight, shorter than paired ray^^, 70-140/^ long and 
8-12 thick at base. Paired rays equal, slightly curved forwards, 100~ 
270 long. Apical ray curved upwards, nearly as long as basal ray, 
80-140/^ long. 

Large oxea (e) spindle sha])ed, more or less curved, sharply pointed 
at both ends, 260-900/^ long and 10-88/^ thick at the thickest portion. 

Dermal microxea (f) nearly straight. C lose to one end occurs a 
nodiform ring. They measure about 40 in length and 2 in thickness. 

Gastral microxea are similar to the dermal microx(‘a in shape, 60-70 p 
long and 8-4 p thick. 

Remarks'.- This s])ecies seems to be closely related to the writers 
Ijmcandra solida^ obtained from the Sagami Sea, but it may be easily 
distinguished from the latter by the differ<‘nce in spiculation. In the 
present species the large oxea have no nodiform ring and the dermal 
microxea are not spined. Moreover, the difference in size between the 
tubar and dermal triradiates is marked in the present species. 

Locality and RcgiMer No. of Spccinums. - Wagu, Miye IVefecture, A 13. 

14, Leucandra spinosa, n. sp. 

(PL IV, 4; Tcxtli^. 6) 

The collection contains many specimens of this new species (Spec. No. 
A 14, A lb) which were obtained at Wagu, Miye Prefecture. 

The sponges are more or less different from one another in size and 
shape, but are practically identical in the intf'rnal structure. The sponge 
represents a .solitary individual of an oval, spherical or irregular .shape, 
showing on the upper surface a single osculum which is surrounded by 
a well-developed collar. The dermal surface is hispid due to the project¬ 
ing oxea. The gastral surface appears smooth but is perforated by 
numerous circular or oval apertures of exhalant canals. The colour in 
alcohol is white, the texture is compact and rather hard. 

The largest specimen which the vvriter selected as the type of the 
.species (PI. IV, fig. 4) is oval in shape with a height of about 18 mm. 
and a breadth of 15 mm. It ha.s a circular osculum provided with a 
well-developed collar, which is about 4 mm, in height and about 1.5 mm. 
in diameter. The gastral cavity* is rather narrow and is irregular in 
shape. The sponge wall is about 8 mm. in the thickest parts. 

Leucandra solida, HozAWA, 1929, pp. 362-366, FI. X., figs. 59, 60; Textfig. 30. 
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The following description is based upon the type specimen. 

Structures.— The canal system is typically leuconoid. The flagellate 

chambers are closely distributed in the chamber layer. They are oval 

shape or more or less elongate sac-shape, measuring up to 100 fi long 
by 70 thick. 

The dermal skeleton is composed of slightly sagittal triradiates. which 

are tangentially arranged in several layers, and of two kinds of oxea. 

The large oxea occur in nearly vertical disposition to ihe dermal surface 
and their distal parts project far beyond the surface, while their proximal 
parts are embedded deep into the wall. The microxea occur fairly densely 
in vertical disposition to the dermal surface. 

The skeleton of the chamber layer is made up of the pro:Cimal parts 
of large oxea and of triradiates which are thickly distributed and ir¬ 
regularly set together. The walls of the larger exhalant canals are lined 
with quadriradiates with the apical rays projecting into the canal. 

The gastral skeleton consists of tangential tri- and quadriradiates and 
of vertical microxea. Th(‘ apical rays of gastral quadriradiat('s project 
into the gastral cavity. 

The skeleton of thi* oscular margin is supported by triradiates and 
long linear spicules. The latter form a very dense fringe arround the 
osculum. 

Spicules (Textfig. b).— Dermal triradiates (a) slightly sagittal. Basal 
ray straight, tapering from the base to sharp-point, slightly longer than 
paired rays, 90 -250/^ long and 8-22/>' thick at base. Paired rays equal, 
slightly curved backwards or doubly curved, backwards in basal parts 
and forwards in remaining parts, 65-200/' long and 8 22/' thick at base. 

Triradiates of t^hamber layer (b) also slightly sagittal. Rays equally 
thick. Ba.sal ray straight, sharply pointed, 150-270// long and 18-25/' 
thick at base. Paired rays nearly equal, always doubly curved 150-250 /' 
long. 

Quadriradiates of the larger exhalant canals (c) slightly sagittal. Basal 
ray straight, nearly as thick as paired rays but ^lightly shorter, 90-150/' 
long and 16-20/' thick at base. Paired rays equal, 130-170// long and 
16-20 /' thick at base. Apical ray straight, sharply pointed, shorter and 
thinner-than facial rays, 80 110/' long and about 15/' thick at base. 

Gastral triradiates (d) sagittal. Rays rather slender and equally thick. 
Basal ray slightly curved, shorter than paired rays, 160-270/' long and 
12-14/' thick at base. Paired rays very widely divergent, slightly curved 
forwards, 190-330/' long and 12-14/' thick at base. 
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Gastral quadriradiates (e) almost similar to gastral triradiates, differing 
only in the presence of apical ray. Apical ray nearly straight, sharply 
pointed, shorter and thinner than facial rays, about 150 long and 8~ 
10 ft thick at base. 

Triradiates of oscular margin (f) strongly sagittal, being in the shape 
of figure T. Basal ray straight, sharply pointed, shorter and thinner 
than paired rays, 140-160/^ long and 8-12/^ thick -at base. Paired rays 
equal, strongly divergent, 170-200long and 15-20/^ thick at base. 

Large oxea (g) spindle-shaped, broadest at a point nearer one end 
than the other, tapering towards both sharply pointed ends. They are 



Leucandra spinasc, n. sp. a, Dermal tairadiates. h, Tub«r triradiatea. 
c, Quadriradiatcs of larger exhalant canal, d. Gastral triradiates. e, Gastral quadri- 
radiates. f, Triradiates of oscular margin, g, Large oxea. h, Dermal microxea. i, 
Gastral microxea, j, Linear spicule of oscular margin, (a-f XlOO, g, } x60, li, i 
x200) 




CALCAREOUS SPONGES FROM JAPAN 


49 


straight and vary in length, 780/^1.8 mm. long and 60-110 a* thick in 
the thickest parts. 

Microxea of dermal surface (h) slightly curved, sharply pointed at 
both ends, about 150/>< long and 2-4/i thick in the middle parts. 

Oxea of gastral surface (i) rather small, straight, spindle-shaped, and 
are sharply pointed at both ends. It measures 100-150 long and about 
4 thick in the middle parts. 

Linear spicules of oscular margin (j) very slender, straight, uniformly 
thick throughout their greater length and tapering towards the ends which 
are finely pointed, 2.8~4.5 mm. long and about 12/^ thick. 

Remarks .— The above described species bears a marked resemblance 
to LIrban’s l^candra apicalis'^ in external form and in canal system, 
but it differs from the latter in spiculation, especially in the form of tri- 
radiates and oxea. 

lA)cality and Register Nos. of Specimens .— Wagu, Miye Prefecture ; 
A 14, A 15. 


15. Leucandra glabra, n. sp. 

(PI. IV, tig. 5; Textfig. 7) 

This species is based upon a single specimen (Spec. No. A 16) which 
was secured at Wagu. 

It consists of a massive piece of sponge approxintately square shaped, 
measuring about 70 mm. by 50 mm. It is attached to the substratum by 
its base and there is a large hole in the central portion. Here and there 
a number of small oscula are seen scattered on the surface. Each osculum 
is naked and nearly circular in outline with a diameter of l“2mm. Both 
the dermal and gastral surfaces are smooth. The colour is white in alcohol 
and the texture is fairly rigid. 

Structures.— The canal system is of leuconoid. The flagellate chambers 
which are closely packed in the chamber layer, are oval or spherical in 
form with a diameter of about 90 p. The exhalant canals are 240-620 p 
in diameter. 

The dermal skeleton is composed of regular triradiates only, and they 
are placed tangentially and are set closely in several layers. 

The skeleton of the chamber layer is made up of the following ele¬ 
ments: 1) large regular triradiates which are scattered here and there 
in the chamber layer; 2) small triradiates, which are most numerous of 

cpicoIiJi, Urban, 1905, pp. 67-70; Taf. VII., figs. ^9-107. 
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all the ,elements found in the chamber layer; and H) quadriradiates are 
few in number and are found scattered among the small triradiates. 

The gastral skeleton is consisted of triradiates only. The skeleton of 
the oscular margin is composed of triradiates only, but the shape of the 
spicules varies from regular to irregular. The irregular ones seem to be 
modifications of regular spicules. 

Spicules (Textfig. 7).- Dermal triradiates (a) regular. All rays equally 
thick tapering from base to the sharp point, 120 240/^ long and 14-28// 
thick at base. 



Textfig. 7. Leucandra fflabrOf n. sp. a, Dermal triradiates. b, Large tubar tri- 
radiate. c, vSmall tubar triradiates. d, Tubar quadriradiates. e, Gastral triradiates. 
f, Irregular triradiates of oscular region. (All X 100) 

Large tubar triradiates (b) regular and very stout. Rays straight, 
sharply pointed, 400-950/^ long and 42-110// thick at base. 

Small tubar triradiates (c) almost similar to the large tubar triradiates 
in shape, but are smaller and are slender, 100-200// long and 10-20// 
thick at base. 

Tubar quadriradiates (d) almost like small tubar triradiates with addi¬ 
tion of an apical ray. Apical ray carved abruptly, sharply pointed, shorter 
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and thinner than facial rays, about 80 long and 10 thick at base. 

Gastral triradiates (e) similar to the small triradiates. It measures 
90-200/^ in length and 12-20/^ in thickness. 

Triradiates of the oscular margin (f) regular or irregular. Regular 
triradiates are nearly the same in shape and size with the gastral tri¬ 
radiates. Irregular ones are modified from the regular triradiates, Rays 
are nearly equally thick and equal in length. Most of thei^e spicules 
have one ray straight and two curved. Of the curved rays the one curved 
forwards and the other backwards, or both are curved backwards. Some¬ 
times all of the rays are curved and thus the spicules become very irregular. 

Remarks.' This species seems to be quite distinct from the others 
hitherto known. The most remarl<able feature of this species consists in 
the presence of irregular spicules at the oscular margin. 

Locality and Register No. of Specimen, Wagu, Miye Prefecture ; A 16. 

16. Leucandra fragilis, n. sp. 

IV, fig. 6; Textfig. 8) 

This species is represented in the collection by a single specimen 
(Spec. No. A 17) which was ol)tained at Wagu, Miye Prefecture. 

It represents a flattened mass of approximately square sh^pe, measur¬ 
ing about 15 mm. long and 10 mm. broad. The osculum at the upper 
end is slit-like and is naked. 

The colour in alcohol is yellowish white and the texture is firm but 
brittle. 

Structures.— The canal system is leuconoid. There is not a central 
gastral cavity, but branched narrow cavity runs irregularly interior of the 
sponge wall. The flagellate chambers are fairly thickly packed in the 
chamber layer. The exhalant canals are measured 300^570 p in diameter. 

The dcTmal skeleton consists of tangentially placed triradiates and of 
microxea in dense distribution. The skeleton of the chamber layer is 
made up of stout triradiates which are placed thickly and irregularly. 
The wall of the exhalant canals are sustained by quadriradiates with their 
apical rays projecting into the canal. The gastral skeleton is composed 
of tufts of microxea and of small tangential quadriradiates forming a few * 
layers and with their apical rays projecting into the gastral cavity* The 
microxea project nearly vertically from the gastral surface and are grouped 
into small tufts arround the'apical rays of the gastral quadriradiates. 

Spicules (Textfig. 8).— Dermal triradiates (a) regular or -subregular. 
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Rays are straight, gradu6Jly and sharply pointed, 120-360 long and 
16-36 thick at base. 

Tubar triradiates (b) slightly sagittal. All rays are stout and straight, 
equally thick, sometimes slightly narrowed at base. Basal ray slightly 
shorter than paired rays, 230-640/^ long and 45-100// thick at base. 
Paired rays equal, tapering from base to sharp point, 270-700long 
and 45-100 thick at base. 



Textfig. 8 . Leucandra fragilis, n. sp. a, Dermal triradiates. b, Tubar triradiates. 
c, Quadriradiates of larger exhalant canal, d, Gaslral quadriradiates. e, Dermal 
microxea. f, Gastral microxea. (a-d X100, c, f X200^ 

Quadriradiates of exhalant canal (c) slender and sagittal. Basal ray 
straight, sharply pointed, 70-200 long and 8-16/^ thick at base. Paired 
rays equal, widely divergent, nearly equal in length with basal ray, 90- 
190 // long and 8-16 fi thick at base. Apical ray straight, sharply pointed, 
slightly longer than facial rays, 100-210/^ long and 8-16thick at base. 

Gastral quadriradiates (d) sagittal. Basal ray straight, much shorter 
and slightly thinner than paired rays, 30-130 ^ long and 8-15 fi thick at 
base. Paired rays widely divergent, sharply pointed, 90-320// long and 
8-18// thick at base. Apical ray straight, thinner than facial rays, 100- 
130// long and 8-12// thick at base. 
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Dermal microxea (e) straight, sharply pointed at both ends. Close to 
one end occurs a nodiform ring. They measure 40-^30 in length and 
about 2 // in thickness. 

Gastral microxea (f) nearly similar to dermal microxea in shape but 
longer than the latter, 70 90/^ long and about 5/^ thick at the ring. 

Remarks. — This species bears a marked resemblance to the writer’s 
Leiicandra dura^' in many respects, but it may be easily distinguished 
from the latter by the differences in the microxea as well as by the 
external appearance. 

Ijxiality and Register No. of Specimen. — Wagu, Miye Frefeclure, A 17. 

17. Leucandra abratsbo Hozawa 

Leucundra ahratsho Hozawa, 1929, p. .‘159, 19. IX., fi^s. .57, 58; 29. 

In the collection there are twelve specimens of this species, all being 
obtained by the writer at Wajima. Each of them indicates a solitary 
individual with an elliptical osculum on its summit. They vary from 
3 mm. to 10 mm. in length and are nearly similar in external ap[)earance 
to one another, although some of them are laterally compressed or ir¬ 
regularly curved. 

In respect to the canal system, skeletal arrangemcmt and spiculation, 
these specimens are exactly identical with those of th(' type specimen. 

Previously knotvn Distribution. Misaki Sagami Sea (Hozawa). 

Locality and Register No. of Specimeris. Wajima, Ishikawa Prefec¬ 
ture, B 5. 


18, Leucandra mediocanellata, n. sp. 

(PI. IV, Hk. 7; Tvxtfiii. 9} 

The collection contains 27 specimens of this new species (Spec. No. 
C 5), which were obtained at Oshima, Miyagi Prefecture. 

Each sponge represents a small solitary individual of ovoid shape .show¬ 
ing on the upper surface a single circular osculum. 1'he osculum is sur¬ 
rounded by a well-developed collar consisting of linear spicules. The 
dermal surface is highly hispid on account of the projecting oxea. The 
gastral surface appears slightly hispid from the apical rays of gastral 
quadriradiates. The colour in alcohol is yellowish white, and the texture 
is soft but elastic. 

Leucandra dura, Hozawa, 1929, pp. 371-373, PI. XL, figs. 66-68; Textfig. 33. 
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The largest specimen (PI. V, fig. 11) upon which the further descrip¬ 
tion is based is of an oval shape with a height of 6 mm. and a breadth 

of 2.5 mm. The collar of the osculum is about 2.5 mm. high. The gastral 
cavity is nearly straight and passes through the entire length of the body. 
It is circular in cross-section wnth a diameter of about 0.8 mm. The sponge 
wall is about 0.8 mm. in the thickest parts. 

Structures.— The canal sy.stem is leuconoid. The flagellate chambers 
are spherical or oval in shape, being measured 60 80in diameter. 

Th(' dermal .skeleton is composed of tangential triradiates arranged in 
a few layers. The large and small oxea which occur in nearly vertical 

disposition in th(‘ sponge wall project outward beyond the dermal surface. 

The sk(‘leton of lh(‘ chamber layer consists chiefly of tj'iradiates ir¬ 
regularly arranged. Along the larger e.xhalant canals there occur some 
(juadriradiates with th(*ir apical rays projecting into the canal. 

The gastral skeleton is thin, con^i.sting of triradiates and quadriradiates 
both of which being placed tangentially. Th(‘ apical rays of the gastral 



Textfig. 9. Leucandra mediocanellata, n. sp. a, Dermal triradiates. b* Tubar 
triradiates, c, Gastral triradiates. d, Gastral quadriradiates. e, Triradiatefi of oscukr 
margin, f, I..arge oxea. g, Microxea. (a-f xiOO, g x200) 
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quadriradiates project into the gastral cavity. 

The skeleton qf the oscular margin is made up of slender oxea and 
of triradiates^ all placed densely. The linear spicules run longitudinally 
and parallel with one another. The triradiates have their basal rays 
directed regularly downwards. 

Spicules (Textfig. 9).— Dermal triradiates (a) sagittal and all rays are 
equal in thickness. Basal ray straight, shorter than paired rays, 45-150/^ 
long and 12“T8 ff thick at base. Paired rays equal, straight or slightly 
curved, sharply fjointed, 110-170/^ long and 12 18/^ thick at base. 

Tubar triradiates (b) sagittal. Basal ray straight, usually longer than 
paired rays but sometimes equally long with the latter, 100 200long 
and 14-18thick at base. Paired rays nearly equal, doubly curved, 
forwards in the basal parts and backwards in the remaining parts, 110- 
170/^ long and 14-18/^ thick at base. 

Gastral triradiates (c) sagittal and slender. Ail rays of equal thickness 
being 8-10/^ thick at base. Basal ray straight, slightly longer than paired 
rays, 150-250/< long. Paired rays nearly equal, doubly curv(‘cl as in the 
case of tubar triradiates and 120 190/^ in length. 

Gastral quadriradiates (d) slightly sagittal. Basal ray straight, sharply 
pointed, shorter than paired rays, 90-160/^ long and 8 12/^ thick at base. 
Paired rays equal, straight or slightly curved, 110-220/^ long and 8- 12/^ 
thick at ba.se. Apical ray short, slightly curved, 40-50./^ long and 8 -12/' 
thick at base. 

Triradiates of the oscular margin (e) sagittal. Basal ray straight, longer 
and thinner than paired rays, 150 190/^ long and about 8/^ thick at base. 
Paired rays equal, widely divergent, 120-150 long and 12 thick at base. 

The large oxea (f) straight or slightly curved. Sometimes one end 
forms a lance-head, but some oxea are sharply pointed at both ends. 
They measure 450-2100/^ in length and 30-70/^ in thickness in the 
thickest parts. 

Microxea (g) spindle shape/, slightly curved, broader nearer sharply 
pointed proximal end than the distal and which sometimes forms a lance 
head, about 180/^ long and 5// thick in the thickest parts. 

Linear spicules of the oscular margin straight, slender, uniformly thick 
throughout their ^entire length and tapering towards both ends, which are 
finely pointed. They reach 2.5 mm, in length and arc 6-10 // in thickness. 

Remarks — In external form this species closely resembles Leucandra 
^nosa described above, but it may be easily distinguished from the latter 
by the diff.erence in the arrangement of the skeleton and in the spiculation. 
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Locality and Register No, of Specimen. Oshima, Miyagi Prefecture, 

C 5. 
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EXPLANATION OF PLATES 
PIJVTE IV 

Fig. 1. Lcucosolenia ventosa^ n. sp. about x2. 

Fig. 2. Craiitrfssa ampullae^ n. sp. about x2. 

Fig. 3. Leurnndra rifdda, n. sj). alxmt x2. 

Fig, 4. Leucnndra spinosa, n. sp. about x2. 

Fig. 5. Lrucandra glai>ra, n. sp. natural sizo. 

Fig. 6 . Leucandra fragitis^ n. sp. about X 2. 

Fig. 7. I,eucandrn mediftcanrllata, n. sp. alxmt x2. 

I^LATK V 

Fig. R. Paragrantia uxiguensis, n. gon. and sp. about X 2. 

Fig. 9. The same. Fart of horizontal !s<x:tion, showing the skeleton of 
apopyle fAp . X 25. 

Fig. 10. The same. vSkeleton of apopyle (Ap). x200. 

Fig. 11. The same. Quadj-iradiates of apopyle. X 250. 
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THE HOMING, SPAWNING AND OTHER HABITS OF A LIMPET, 
SIPHONARIA JAPONICA DONOVAN* 

Bv 
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INI’RODUCTION 

Siphonaria japonica Donovan is a limpet belonging to the Pulmonata, 
and is commonly seen on the rocky shore in the neighbourhood of Asa- 
mushi. The present writer has already studied another limpet, Acmaea 
dorstiosa Govld"P ateMoida fpnta (Gould) (Abe, 1931, ’32, ’33), which 
is also commonly found in the same neighbourhood. He has also made 
observations of Siphonaria atra Quoy et Gaimard, S. sipho (Sowkrby) 
and Siphonaria sp. (Abe, 1935, a, b, ’39, a) which inhal)it the neighbour¬ 
hood of Palao Island, South Sea Islands. It is known that each of these 
limpets has its own home and has homing instincts at certain periods, as 
is also the case with limpets found in European seas which has been 
mentioned by many writers. The object of the present writer was to 
examine Siphonaria japonica in order to compare its habits with those 
of the other species. He specially wished to compare the habits of 
Siphonaria japonica living in the sea at 4(r 55'-North latitude, with 
those of S. atra living in the tropical sea at T 2()^-North latitude. 

Both species belong to the same genus and their habitat is equally 
on rocky shores in littoral zones, but their environmental conditions, for 
instance, temperature, wave actions etc., are clearly different, and a com¬ 
parison of the habits of the two species presented itself as highly inter¬ 
esting study. The observations which are here described were made 
chiefly in the year 1938 during the season from the spring onwards at 
the Asamushi Marine Biological Station facing Mutsu Bay. 

Before going farther the writer wishes to express his sincere thanks 
to Prof. Dr. Sanji Hozawa, the Director of the Station, for the kind 
revision and correction of the present paper, and also his gratitude to 

^ Contributions from the Marine Biological Station, Asamushi, Japan. No. 165. 
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the members of the same Station for the kind assistance given him in 
many ways. 


I. HABITAT. 


1. Horizontal distribution. 

Siphonaria japonica Donovan inhabits mainly the rocky shore in the 
neighbourhood of the Asamushi Marine Biological Station, and it is also 
found attached to the piles of wooden bridges etc., as in the case of a 
bridge constructed in front of the Hotel lookan, Asamushi. 1 his species 
is not found on pebbly or on sandy shores. 

But the Siphonaria is not found on the rocky northwestern shore of 


Table 1. Vertical distribution of Siphonaria and the other 
inhabitants on th(‘ rock-face at Station 1 in the 
month of May. (May 14, 1938) 



Thumberfsii (KuNT/) Okam. 3/5, means that it covers about 3/5 part of all the 
area in one section. 
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Gomi-jima, an island situated near the Station, hut is found on its eastern 
shore. It was found very (‘ommonly on (he western shore of th(‘ Station, 
hut not on its north(‘rn shon' when ohserv(‘d in 1938. 

2. Vertical distrif)iition of th(‘ Sijyliannria and its relation to oth(*r 
organisms. 

'rh(‘ writer has measurc'd th(^ numhcM* of various inhabitants found on 
a rock face standing n(\irly vertically, and have compared th(’ir /onations 
with (he zone* of Siphonaria japonira. 

(i) Zonations m the months of Ma\' and dune. 

Station 1 ; 


Station 1 is located on 
the north of th(‘ Station. 
d'h(' waves hf'at vigorously 
on this rock-face in a strong 
west wind. 'Hk' writ(a' has 
measured th(‘ number of in¬ 
habitants found on the rock- 
face by means of th(‘ frame 
method during th(‘ time of 
low'-tid(‘. d'he br(‘ad(h of 
th(' area measurt'd is 20 ems, 
and th(‘ results thus far ob¬ 
tained ar(* shown in d abh' 1. 

In d'able 1, th(‘ l(‘vel of 
50 cm IS abou( the rnean- 
lide-lev(‘k theradore the 
Stj)h()naria is distributed 
between th(‘ hwels of about 
10 cm over and 20 cm below 
the mean-tid(‘-level, which 
about the same zone in 
spring and early summea' 
as that of an alga Pofj)hylia. 
It is commonly ol)served that 
the Siphonaria is hiding 
underneath the alga which 
is perfectly dried by direct 



Station 1 is shown on Fig. 1. 
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Slatioii 2 : 

Station 2 is on a rock-faca' at tho nortli-wisst<m (^nd of Hadakajinia, 
a small island Ivin^ vaa-y clov-* to the Station, d'his rork-facos westwaials 
and the \va\rs Ixail niora* \ij^orousl\ upon it than upon lh<" lork at Station 
1 in doth wrst and north winds. ’l'h(‘ wrilri* has nK'asuiaal (h(* inhabitants 
found on th(‘ rockdata' h\ tho frame nu*thod at low tide, the hiaanlth of 
measmaanent is dtUans and th(‘ la'sults thus oht.niKal aia* shown in d'ahh' 11. 

I',\ma; II. \drtic;d distrahution of Si/jlionnna and th(' o'her 
inhabitant^ on th(‘ ro(‘kda(a‘ at Station 2 m iIk' 
month of Jun<‘. (Jniu^ 17th, IttdSi 
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below ihe, mean-tide-level at the Station. And it is noticed that the 
number of Siphonaria is clearly smaller than that seen in Station 1. 
Patelloida grotd (Gould) forms a colony at a higher level than flie Wgh- 
tide-level. Cellam eucosmia (PiLSBRnr) inhabits about the same level as 
that of Siphonaria* 

When the data shown in Table I are compared with those given in 
Table II, it will be noticed that the zonations of animals and plants are 
different from each other in the two stations. And even in the same 
species of Siphonaria, the levels of the zonation are clearly different, 
namely, the zone of the Siphonaria at Station 2 is higher and broader 
than that ip Station 1. And such differences of animals seems to be 
produced by the influence of wave actions, as fhe waves are always 


Table III. Vertical distribution of Siphonaria and of other 
inhabitants found on the rock-face at Station 1 in the 
month of January. (Jan. 18th, 1939) 
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higher and the water beats more strongly on the rock-face at Station 2 
than at Station 1. The same phenomenon is also clearly seen in the 
zonation of a barnacle, Chtliamalus challengeri Hokk. 

(ii) Zonations in the month of January. 

The writer has observed the inhabitants distributed on the rock-face 
of Station 1 in the winter time, in order to known whether the Sipho- 
naria change 'their zonations or not during that time, and the results 
obtained are shown in Table HI. 

In Table 111, the level of 0.5 metre is about the mean-tide-level, and 
the Siphonaria is distributed between the levels of about 10 cm over and 
30 cm below the mean-tide-level, therefore the Siphonaria migrates to a 
zone about 10 cm lower in the winter time than in the months of May 
and June. And it is noticeable that many snails, Thais (Manciiwlla) 
tumulosa claingera (KiisTEu), aggregate on the lowest part of the rock- 
face, though these snails are not seen there in the months of May and 
June, nor in the summer time. With regard to the zonations of algae, 
Ulva and Nemalion are not found in the winter time and Porphyra is 
found l)olh in May and January, but th(» levels of their zones are quite 
different, and thus liolh the Porphyra seem to be of different specious. 

If. LOCOMOTION. 

1. The times of the locomotion of Siphonaria and other animals. 

The writer has observed the habitat of the Siphonaria at many times, 
at high-tide, mid-tide and low-tide* with the purpose of ascertaining the 
feeding-times of this animal. He was able to observe the movements of 
this limpet continuously on July 2Hth 1938 from time of high-tide in the 
morning till the rising tide was again at its highest in the afternoon. 

As a conse(iuence of these observations h(‘ is able to establish the 
fact that it is not the general habit of the Siphonaria to move about in 
the water, but that it only does so at stated times. 

The results thus far obtained are shown in the following lines and 
the relation of locomotion of littoral animals to the tide-level is shown 
in Fig. 2. 

July, 28, 1938. 

ry.j (lligh-tide: 3h 30ra (0.8m), ]6h 15m (0.8m) 

Low-tide: lOh lOm (0.1m), 22h 3()m (().3m) 

7h 8m : The tide is ebbing and the water level is at about 20 cm 
above the habitat of Siphonaria japonica Donovan. All the Siphonaria 
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Fiji. 2. Shovvinji Lh(‘ times of the locomotion of Stphonaria an<l of other animals 
which occur in rchition to the chang<‘ of tide level. Polygonal are as show the verti¬ 
cal distribution of animals in the low-tide, and the area liatched or dotte'd show thf* 
locomotion of the'se animals following the movement of tide level. C, Cetlana toreuma 
(^Kt'.Fvr.i; S, Stfthoruirtd jiiponira Donovan; (di, t hiton; P, Fatclloida pyfunuicn 
iDrNKKK;; L, Ijttonna Littonvapa) brrvicula pHILIPFI ; Lm, />. \ lAttorivapn ' millv- 
grana PlIll.IiTI ; M, Mitclla mitflla Linnai:i'S. 'I'L. tide-level. 

were resting under the water on the rock and no movement was observed. 

7h 38m : The tid(‘ level is lowering and is at the upper level of 
Cellona toretima (Rkfak) zone, and the Cellana begin a downward creep¬ 
ing slowly following the decrease of the tide level. 

8h 3m : The Cellana have almost ceased movement, and the other 
individuals of the same species which are now just exposed to the air 
begin to creep downwards. Several young individuals of Ligia exotica 
(Roux) of about 6 or 7 mm body-length also migrated downwards follow¬ 
ing the lowering of the tidelevel, but the larger adult individuals did not 
migrate to the lower level but remained feeding at the high level near 
the high-tide-level. 

8h 26m: The tide level is now about 1 cm above the Siphonarian 
habitat, and some of them begin to creep in the water, but a large 
number begin their creeping movement later just after they are exposed 
to the air. 

9h 53m : Most of the Siphonaria have now returned and settled in 
their homes, and do not show any further locomotion. A chiton begins 
to creep in the area exposed t6 the air. 
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lOh 6111 : The tide reaches the lowest level, being about 15 cm lower 
than the Siphonarian habitat of this day. The chiton was resting within 
the crevices of a rock. 

llh Om : The tide begins to rise. The remaining Siphonaria who 
are still moving about return to their homes. 

J2h Om : The tide rises and reaches the level of the home of the 
Siphonaria, but they remain fixed. 

Ih Om : The tide rises and reaches the level of about 20 cm higher 
than the level of the home of Siphonaria, but th(‘ limpets are still resting. 
Ccllano torcuma (Ki:fa’i:) was creeping upward in the water following the 
rise of water lev('l. 

2 h 20 m: The tide rises to the level of about iiS cm higher than the 
Siphonarian habitat, but the species do not move. Cellana was hiding 
behind a rock. 

dh 10 m: rhe tide reaches the level of 50 cm higher than the Sipho¬ 
narian habitat. A small limpet of another species, Patclloida pygrnaca 
(Di nkkh), was creeping upwards as if irritated by the rise of the water. 
A small individual of sea-hair, Aplysis punctata CuviEu, was creeping 
within the zone of Chthamahis challe.ngc.ri Hokk. 

fh 5m : The tide I’eaches its highest level of that day, and the lower 
part of lh(; JJttorina millegrana (FtliLiiTl) habitat is washed by the waves, 
and the Littarina were creeping exposed to the air and no individual of 
the same was seen in the water. 

Ih 50m : The tide level is still at its highest. Patclloida pygmaea 
and Littorina millegrana were creeping just above the tide level. Cellana 
torcuma appeared on the front side of the rock creeping in the water. 
SiphonOria japonica which is now 55-60 cm below water level, is not 
moving. 

From the above observations, the following facts have become clear; 
that the Siphonaria creeps just before or after the time when it is 
exposed to the air when the tide is falling, and that it continues to creep 
until the tide rises again and reaches the level of its habitat, and also 
that, as a general rule, this animal does not creep in the water at any 
other time. 

The interesting fact emerges that the feeding-times of littoral animals 
are different from one another according to their species. Cellana toreuma 
creeps a little when it is exposed to the air and when it stops the 
Siphonaria begins to creep, followed by the chiton. Cellana toreuma 
creeps mainly in the water during the time of the rising tide, but Patel- 
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loida piii^mnca Ix'gins to (-/(‘('i) at tho tim(‘ ju^t hc'forc th(^ tide reaches 
its higliest level. 'I'he sam{^ |)h('nofnenon of |Ik‘ s(‘(juence of the fecnliiig- 
pei’iocls was also seen among th(‘ littoral animals inhabiting tla^ rock\ 
short* at Ikilao, and it se^'ins to he a suitahh* arrangemt*nt for littoral 
animals crowded within a small art-a, who thus avoid struggl(*s in s(*ciiring 
their food. 

2. d'h(* food of iht* Siphonaria. 

d'he cr(*eping mov(‘m('n(s of littoral animals is mainly fl('l(*rmmed !)>' 
th(‘ir f('(‘ding hahits. Siphonaria juponica cr(*t‘|>s in gtmt'ral on ro( k 
sLirlact* covt'rt'd with a kind of hrown algat* as is st*('n m l^'ig. 2 and 
f(‘eds on it and on some srthmlarN’ diattnns. Hnt som(‘lim(*s (ht* w'rilt‘r 
has ohs(‘rved the Siph(>)}(iri(t f(*eding on th(* young alga of tin* Etitrro- 
ffiorpha conipr(\'<s(} and also on tht* Eorphpra of de(*p rt'ddish 

pur[)l(* colour. 

S(*V(*ial Siphonarians wcvr oi)s(‘rv(*d m the lal)orator>' and W(‘re e\- 
amin(*d at the turn* of excrt'tion. Thrt't* of the larg(*r limpets (‘\<-r('t(*d 
two (lavs altt‘i’ the tiitie of i(*(‘ding, and tin* smaller limp(‘ts oj o mm 
shell leneth t'xcit'ted tlu* next day. Fui-th(*rmor(' the writer has (*xammed 
tlu* (‘\ci'(‘m(’nl under the mici^oscopf^. It is in tiu* form of a hall ring 
and is grta'iiish-hrown in colour. Iht* greatt'i* part of the excr(*m(‘nt 
consists of dig(‘sted particles ol hrown algat* and th(* remainder partl\' of 
diatoms, mainly of Naviculoid and Mi'lonm, though (he amount of (h(*s(‘ 
Diatoms Is diller('nl ai’coiding to individuals. /\nd it was also no(ii“(*d 
that onl\' a few of the Diatoms weri' dij(‘s((‘d the majority ol th(*m being 
still living, and able to mova* slovvlv in tlu* ('\cr(*m(*nt wh(*n it was dilutc'd 
with sea\\al(*r. TIk* (‘xcrement also (‘ont.iiiu'd sand-grams. In oiu* c.isf*, 
many Aniorlxp cubic in lorm w(*r(' found in tlu* (‘\crem(*nt. About 20 
individuals of the Amorha W(*re aggr(*gat('d in oiu* (lart of tlu* excr(*ment 
and tlu'V soon h('gan to creep. 

One limpet I'xcreted in the lalioratory about 10 days aft(*r it was 
first caught, and in this case tlu* Diatoms found within tlu* (*xcr('men( 
w('re mainly of Naviculoid and Meloani forms and it was also s(u*n that 
most of them weri* still living. And also many crystals of nearly cubical 
form and of reddish brown colour weu* found in th(* excrem(*nt. 

dudgmg Irom the results of the>e ol)>ervations, it may lu* said that 
the food of Si])honaria consists mainly of algae, and that the Diatoms 
are not so important to it as footl, hut on tlu* otlu‘r hand, it is con¬ 
ceivable that the limp(‘t acts as one of th(^ ag(‘ncies to transport the* 
1 )iatoms. 
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ll Homing habits. 

According to th('sc minute observations of Sij)hotiana japoiiirn, it 
b(‘comes cl(‘ar that it lias tlu^ sam(‘ homing habits as th(‘ other species 
of Siphonaria. 
a) Home. 

When the Siphonaria crc'Ops avvav from its resting place, a s(‘ar of 
oval form is seem clearly on the rock fac(‘ covered with algae and diatoms. 
11ie si/e of th(‘ scar is the same as that of the shell a{)erture of the 
limp('t as is shown in hdg. d. 



Fi)/. a. Showing' tlic home a of Si/fhonanc jiipomcd I)()N'0\an 
photo Ilham, Juno JSth, 19JH . 


I'he home shown in Fig. d is that formed on a comparatively flat 
rock face, and tluna* are also many other homes formed on a narrow 
area in the mnc of the barnacle, Chiharnalus challengcri Hokk. The 
homes shown in the latter position have no smooth margins of oval form, 
and th(' margins of the shells of th(‘ Siplumaria are also irregular and 
are quite fitted to the uneveness of the surroundings. Sometime indi¬ 
viduals are found with th(‘ir shells cover(‘d with short algae, and on this 
account it is ratluT difficult to distinguish the shells from their surroundings, 
b) "I'he duration in time and the paths of the feeding locomotion. 

The duration in time and the paths of the f(*eding locomotion of 
Siphanaria wer(‘ precisely examined in an intensive observation made on 
July 28th 19.88 and a detailed record was taken of each individual as 
showB in th(' following lines and in Fig. I. 
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4 l^'ora/^in^ l)aths of iho Siphonnna japonica Donovan. Arrows indicatt' 
the direction of cre<'pin^^ 


Animal No. 1 : Shell length 11.0 mm. At 8h 26m, the writer found 
a Siphonaria ei’eeping in the water about 5 mm distant from its home, 
and it continued feeding in this position as is shown in Fig. -1, No. 1 ; 
and at about 8h 45m of the same day it turned creeping in the direction 
of its home, the path taken on the way home being very close to that 
taken on the way out. But at 9h 57m, it entered the home belonging 
to individual No. 6 (individual No. 6 was at that time absent not having 
yet returned). It did not stay have long however, but began to cre^ep 
again after making a circular movement and it arrived back at its own 
home at lOh im. Comming back to its own home it made a circulating 
movement for several seconds and finally settled down. The total length 
of the paths going and returning was about 29.5 cm. 

Animal No. 2: Shell length 10.5 mm. At 8h 39m, the tide having 
lowered the Siphonaria was exposed to the air for the first time. At 
8h 41m, it began to creep on the exposed rock and continued feeding 
tracing food paths as shown in Fig. 4, No. 2. At lOh 5m, it returned 
to its home, and there it made a circulating^ movement. At lOh 13m, 
it began to creep out again and was seen feeding at a position 5 mm 
distant from its home, to which it soon after returned. At lOh 15m, it 
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remained settled in its home. Total length of paths followed by the 
limpet this time was about 7.0 cm. 

Animal No. 3: Shell length 12.0 mm. At 8h 39m, it was exposed 
to the air for the first time; at 8h 40m, it began to move about in its 
home; at 8h 17m, it began to cret^p out; at 9h iOm, the limpet rested 
at its destination in the feeding ground as shown by (a) in Fig. 4. It 
stayed tht're about an hour; at lOh 31m, it was found creeping on its 
way home and at 1 Ih Om, it reachc^d its home and n’mained there. 
Total length of paths thus followed by this limpet was about 6.5 cm. 

Animal No. 1: Shell length 11.0 mm. At 8h 49m, it was exposed 
to the air. At 8h 51m, it began to creep out from its home and it 
traced a path sc'eking for its food as shown in Fig. 4, No. 1. At 9h 
12m, it returned to its home and was seen making a circulating movement 
there. At 9h 13m, it again began to creep out from its home, but after 
a cr('ep of only about 2 cm it returned again to its home at 9h 15m and 
remained there. At 9h 20m, it was found that the limpet was making 
a circulating movement in its home. It began to creep out once more 
from its home at 9h 48m. At lOh J3m, it entered home of individual 
No. A' and remained there, not creeping any more. 

Animal No. 5; Shell length 6.0 mm. At 9h 40m, it was found cre^ep- 
ing at the point (b) shown in Fig. 4, and it was resting on the point 
No. 5 at about 9h Om, but after that it continued to creep. At lOh Om, 
it reached the position No. 5' and rested. The total length of the path 
was about 23.0 cm. 

Animal No. 6: Shell length 9.5mm. At JOh 17m, the limpet wa.s 
found creeping at the point (c), and it appeared to be on its way home. 
At lOh 32m, it returned to its home, No. 6, and rested there. The 
distance from (c) to this home is about 7.5 cm, therefore the total length 
of its creeping may be estimated at about 15 cm. 

Animal N(). 7 : She.ll length about 6 mm. At 8h 34m, it was ex* 
posed to the air for the first time; at 8h 38m, it was found making a 
circulating movement in its home. At 8h 40m, it began to creep out. 
At 8h 58m, it returned to its home. Total length of the path was abdut 
5 cm. 

Animal No, 8 : Shell length about 6 mm. At 8h 34m, it was exposed 
to the air; at 8h 38m, it was making a circulating movement in its home. 
At 8h 40m, it began to creep out. At 9h 16m, it was found creeping 
towards the lower part of the side of a rock. 

Animal No. 9 : Shell length about 6 mm. At 8h 49m, it was ex- 
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posed to the air ; at Hh fiOm, it began to creep out from its home. At 
9h 4m, though the limpet was on its way home, halted at (e) point 

shown in Fig. 4 and did not creep any further. 

From the data given above, it seems to he clear that the direction 
of locomotion varies with the individual, hut the great majority of these 
animals seem to creep towards a level higher than that where their homes 
arc found at least they do so when they start creeping. The distance 
the limpets travel also varies with the individual. In general, the maximum 
limit of distance attained on the foraging paths seems to he within 15 cm 
from the home. And the distances n‘ached by the limpets when feeding 
seem to be related to tlie volume of food captured. Thus some limpets 
begins to creep out again after they have returned to their homes. 
Animals No. 2 and No. 1 did so twice or three times to take more 

food. And it is noticeahl(‘ that th{‘ second or third journeys were under¬ 
taken after the limpi't had definitely completed its first journey and had 

returned hack into its home. This fact seems to he important when 
considering the homing instincts of this kind of animal. 

Six of the nine individuals above alludefi to returned exactly to their 
homes hut the remaining three did not do so, and it was noticed that 
the latter individuals were of small size in body with a shell of about 

6 mm long. Hut even larger individuals with a shell of about 9-11 mm 
long have sometimes mistaken the wav to their homes. For instance, 

home A, B and C shown in Fig, 4 remained empty on the day July 
28th, though they had been found occupied by Siphonarias on the day 
June 16th. 

It is an interesting fact that one limpet, viz. individual No. 5, had 

two homes and it used to creep from one home to the other. The 

nature of the homing instinct of this limpet seems to be rather different 
from that of the others, and it may be looked ui)on as an exceptional case, 

III. KKPKODIICTION. 

Concerning the reproduction of Siphonana, Hutton (1882) studied 
the development of Siphonaria australis (Juoy and Gaimard, Fujita 
(1895, 1904) made observations of the formation of germinal layers in 
the case gf Siphonaria lepida Gld., and the present writer (Abk, 1939, a) 
dealt with the mating and spawning habits and the early development of 
Siphonaria atra Quoy et Gaimard. But these habits and development 
in the case of Siphonaria japonica Donovan seem not yet to have been 
fully studied. 
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1. Mating habits. 

Siphonaria japonica is hermaphrodite in nature as is the case with 
other species of Pulmonata. 'Fhe manner of the mating of the Siphonaria 

is identical with that of Siphonaria atra 
()uoY et Gaimard, namely, two individuals 
come very close the sides of their heads 
coming in contact as is seen in Fig. l,a. 
The penis on one individual is extruded 
on the right side of the head and is 
intruded into the gtmital pouch of the 
other reciprocally. When the writer trie<l 
to separate the mating individuals, he 
found a large amount of white mucus 
secreted inside the genital pouch, and 
moreover, there was' left a long thread¬ 
like process of white colour in the same 
pouch. I'he shape of this process is 
shown in Fig. f), and it closely rescmihlcs 
the spermatophore of Siphonaria australis 
described by Mitton (Ann, & Mag. Nat. 
Hist. S. 5, Vol. 9, FI. XV, Fig. 7). 

T\\o spermatophore of Siphonaria 
japonica is about 12.0 mm in length and 

KiK. r,. Spormatophor,. of s.vho- contains numerous si)ermato/oa in the 
naria japonica Donovan. interior of its thicker part. The top of 

the spermatophore gradually narrows to 
form a filament which is hollow inside and providt^d with a number of 
minute spines on its outer surface as shown in Fig. 5, b. 

2. Spawning habits. 

The writer was able easily to observe the egg-ribbons laid on the 
littoral zone in the months of May, June and July, and sometimes he 
was also able to observe the Siphonaria in the act of spawning at the 
time of low-tide. In the act of spawning, the Siphonaria creeps oui ivom 
its home and settles down at a place on the surface of some comparatively 
smooth, and then the egg-ribbon is emitted passing the siphonal groove 
and through the genital pore. Thereafter the limpet turns slowly counter- 
clock-wise, the egg-ribbon thus taking a semi-circular or nearly circular 
shape. The egg-ribbon laid thus is shown in Fig. 6, and others of vary¬ 
ing shapes are also seen in Fig. 1. 
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I'l^ <> An <'fj:^-iihl)()n ()l Si phofKirhj j<i/>oni('<j 
I)().N(>\.\N wlinti \\a'> laid in tin' lalM)r/itotv pliolo 
7 li HUin, a m , .) ul\ I s(, 1 1 


most cas(*s, hut sometimt's it is ver\' small, 


thouj^di such small ones art' usualK only ohst'iAt'd at the end t)f tht' 


spawniii^^ st'ason, that is in .)ul\ 


lar\a. 

rht' writt'r st'cureti hali an t'^^j^-rihht)n which was lait) at 9h i^Om a.m. 
on May 12, anti tried to culturt' it in a ^lass vissol mt'asurm^ 9 cm in 

tliamt'lt'i’ and 2 cm in depth, d ht' sea-walt'r contained in tht' vesNt'l was 

chan^t'tl once a tla> the w'al('r hein^ takt'ii Irom the nei^hhtiurhootl t)f 
the habitat of the Si])h()naria. d he ^lass vesst'l was placed c‘losc to a 
j^lass windt)w anti the develt)pmt*nt ol tht' t'^^s was ohstu’vt'd. 

a) I )t";criptit)n of 

d'htnt' are many t‘nclt)setl within tht* ej^^-capsule and they art' 

arranj^t'd in st'Vt'ial layt*rs in tht* t)j>atiut' gt‘latint)us substanct* forming 

th(' t'^^jj-rihhtin. 'The e^fjia-apsult' is elonpmtetl oval in sha|)e with tht* 
longer tliarnt'tt'r t)f ahtiut 272// anti tht* shorter tliameter t>f about lol // 
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and both (mkN of da* lonjj;er diainct(a‘ am (hicken('d. The 
(a'oam-vt'liow in colour, anrl is sphf'rical in iorni willi lh(‘ (liam(‘ler I’angin^^ 
from S7 to 91/', and il is surround<‘d by a granulated opapin* substance' 
(Fig. 7, a). 



1^1)^ 7. I of th<’ of SipfunuuKj jdfxmiai Donovan it)H)Lif > 1 OK 

( )f ific c\|)l/inahon ol lixno's a 1, toxi m ifo* lai\a of t wo da af tor 

b) 1 )cv('loi)tn('nt ol egg. 

'The' (b'velopnK'nl of ibe* eggs of tlu' Sij)h(>n(in(i lv})i<ia (ioniU) is ('x- 
baustivel\ studi('d b\ iM’.irrA (19(ID and the development of tlx* egg of 
SiphojKirin jajjfnurn Donov an (‘loselv i-esemblt's this s[)(*ci('s. 

1'he e'ggs which the writer ()lac(‘d in the gla'^s dish were* laid at 9h 
2()m on May l^lb, but they did not show cell-division till (ih p.m. of the* 
same* elav. (VVateM' tempei’atiire' was I I.()('.) 

At 7h d9m Ibm a.m. May I.‘Uh. (d'e'mp., ll.7(') 

l^ggs of various stage's we're found in the' e'ai'ly ('(‘II division on Mav 
I2(h, VI/. the stage of exijulsion of two polar bodi(*s (Fig. 7, b), the stage' 
(jf two cells of about equal si/e (Fig. 7, c), the stage* of I cells (Fig. 7, d) 
and that of 8 ce'Ils (Fig. 7, (*). Above all the stages of 8 ce'lls pre¬ 
dominated the arrangeme'tit of 8 cells in this stage closelv resembling 
that seen in th(‘ case of Si])lmnnria atra (^nov et CiAlMAKp, namelv I 
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of these cells which may be micromeres are clearly smaller than the re¬ 
maining 4 which may be looked upon as macromeres. 

At Ih 50m -2h 20m p.m.: Most of the eggs were in the state of 
cleavage and began to form the second ectomere-quartets (Fig. 7, f). 

At 7h 20m-50m a.m. May Mth. (Temp. 13.Most of the eggs 
reached the stage of second ectomere-quartet perfectly (Fig. 7, g). 

On May 17th, (Temp. 15.0C): The (;ggs developed into the blastula 
stage as shown in Fig. 7, h. 



Fig. 8, Post-larva of Sipfwnarin japonuri Donovan just befoio 
hatching, (about x400). ol, .otocyst, pc. .pollial cavity, a. .anus, 
in. . intc-stin, rm.. retractor muscle, ve.. velum, {..foot, op. .oix^r- 
culum, Is,.larval shell, ec. .egg-capsule. 

On May 20th, (Temp. 13.0T.): The eggs attained the early stage 
of veliger (Fig. 7, i). The velum was bilobed and the flagellae found on 
the margin of the velum were moving actively and were thus rotating 
inside the egg-capsule. The length of the flagellae above mentioned was 
from B to 9/J. At this stage the larval-shell was not yet formed. 

On May 26th, (Temp. 25.0'’C): The larval-shell was well formed,, 
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and the olocyst was clearly seen but it had not yet developed into the 
form of a double ring, having its diameter of about 8 // (Fig. 7, j). 

On May 30th, (Temp, 15.8T): The post larva of veliger was well 

developed as shown in Fig. 8. The otocyst became larger having developed 

into the form of a double ring, and the diameter measured about 11/^. 
The length of each flagellum found on the velum was about 55- 57 ; 
and a number of short cilia of about 6 or 7 long vVere all over the 
surface of the rudimentary foot and in the lower part of the velum, 
these were seen to produce a current running towards the mouth. The 
larva was still contained wjthin the egg-capsule, and w'as rotating slowly. 
The operculum was moving rhythmically and slightly as if it were affected 
by the pulsation of heart, the number of rhythmical movements of the 
operculum was from 32 to 50 in 15 seconds. 

On May 31st, (T(‘mp. 16.2 0): A number of the larvae were already 

hatched out at 9h in the morning, and they were found on the bottom 

of the vessel showing a right-handed rotating movement. When the 
larva swims, it is seen that the shell is kept posteriorly. The shell of 
the larva just hatched was measured and was found to be al)out 0.16- 
0.18 mm in th(‘ long(ir diameter, and 0.11-0.115 mm in the shorter 
diameter, and about 0.095-0.10 mm in thickness (Fig. 7, k and 1). The 
larval-shell is light cream-yellow' in colour generally, and its apex is brown 
and some wrinkles are seen On it. The wrinkles are rougher than those 
found on th(‘ larvabsh(*ll of Siphonaria atra Qt^OY et Gaimakd. 

4. The time of mating, spawning and hatching of larva. 

An egg-ribbon of th(» Siphonaria laid on May 5th and found by the 
writer contained eggs which had already reached the gastrula stage in 
their development. On th(' other hand several individuals were found 
mating on May 7-12th, and the spawning was observed during the follow¬ 
ing days. Many more egg-ribbons were found on May 20th, but the 
mating had not been observed. On May 27th, the writer found one 
pair mating but could not find the individuals later in the act of spawn¬ 
ing, though the egg-ribbons laid were very numerous, for instance about 
140 egg ribbons were found in the neighbourhood of Station I only. 
On June 10th, one pair of animals was found mating; and on June 15th, 
also one pair* of animals mating, and a number of newly spawned egg- 
ribbons. On June 17th, and 19th many egg-ribbons laid and several 
spawning individuals were noticed; on June 20th, 2 pairs of animals 
were found mating. But on June 27th, most of the egg-ribbons were 
already hatched and no mating individuals were observeil On July 2nd, 
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one pair of mating individuals were seen, and egg;ribbons about to hatch. 
But on July 16th, some egg-ribbons were again found. On July 19th, 
some newly-laid egg-ribbons, about 11 in number, were found. On July 
25th, the majority of egg-ribbons was hatched, and only a few remained 
unhatched. On July 27th, there were no egg-ribbons of the Siphonaria 
to be seen in its habitat, nor were there any on the following days, nor 
from 13th to 17th of August. No eggs were found from September to 
January, nor throughout the winter months, nor were they found in April 
1939. 

f. 

Judging from the above facts, we are convinced that there are peri- 
odiciti(‘s of spawning and mating in the case of Siphonmia, In comparing 
these data with lunar periodicity, the writer have obtained the results as 
show'n in Fig. 9, 



9. Relation of the times of mating, spawning and hatching of the Sipho¬ 
naria to lunar periodicity, m. .mating, s. .spawning, h. .hatching, M. .pha^^e of moon. 

o - 0‘ -maximum temperature, •--•-•minimum temperature. (Temi)erature of 

sea water is always between the both temperatures of maximum and minimum.) 


From Fig, 9, it is clearly noticeable that the mating of the Srphonatia 
occurs or begins mainly at the time of the waxing half-moon, the spawn¬ 
ing at the time of the full-moon, and the hatching of the eggs mainly 
at the time of the new moon. 

The above facts seem to coincide well with the fact that the spawning 
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occurs about 7 days after mating?. For example, a Siphonaria which 
mated on June lOth, 19H8, was brought to the laboratory and cultured 
in a glass vessel containing a small piece of rock. And it laid an egg- 
ribbon on June 15th. Another Siphonaria which was found at Gomi-jima 
was brought to the laboratory, and after about 6 days (on July Jst, 1931) 
it laid an egg-ribbon from which the larvae hatched on July 15th. 

The egg seems to take about 20 days to hatch when kept in the 
laboratory, which seems presumably a longer time than in its natural 
conditions. And it is also likely that the time s[)ent in hatching is shorter 
in June and July than in May, on account of the increase of the tempera¬ 
ture of the seawater. For instance', the temperature of the seawater was 
about 13 C' on the days following th(‘ full-moon which occurred in May, 
while it was 17 18 C on the days follr)V\’ing the full-moon in June, and 
20-23 in the days following the full-moon in July. The time taktui in 
th(‘ hatching of the egg is well st'cn in Fig. 9. 

But it is also noticeable that there ar(‘ c'xceptions and that a few' 
individuals of the Siphonaria will mate in th(‘ days of the waning half¬ 
moon as seen on May 27tb, or in th(' days of the new moon as seen on 
July 2nd. Thus there* are castes in which the time of spawning and of 
hatching may differ from the normal, but these are few in number. We 
may consider that the mating and spawning season of Siphonaria japonica 
Donovan is during the months of May, June and July, and that this 
season a{jpears to be ixJatoid to lunar pf'riodicity. 


IV. (iKNERAL CONSIOKRATIONS. 

1. On the level of habitat. 

It is generally accepted that littoral animals are distributed in definite 
zones and that the zonation of each animals or plant is clearly limited. 
The zonation of animals has b(‘en diligently studied by many scientists in 
different countries, and the results of their researches are well represented 
when we mention works by FLArrKKLY and Walton (1922), Peahsk 
(1936), Stephenson (1936, ’39), Brioht (1938), Bokenham, Neuc^ebaueh 
and Stephenson (1938), Eyre (1S)39), Linke (1939), etc. The zonation 
of animals inhabiting intertidal zones in tropical seas has also been studied 
by several investigators including the present writer Abe (1937). 

He was also observed the zonation of some animals found in the 
district surrounding the Asamushi Marine Biological Station, studying the 
following species, Acmaea dorsuosa Govw = Patelloida (Tectura) grata 
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dorsuosa (Gould) (Abe, 1931, ’33), Litiori/na [Littorivaga) bremcula 
(Philippi) and L. {Littorivaga) millcgrana (Philippi) (Abe, 1935. c), and 
Siphoimria japonica Donovan, Patelloida pijgniaca (Dunkirk), Cellana 
toreurna (I{eeve), Cellana eucosfnia (Pilsbhy) and sedentary animals, 
Septifer virgatus (WlE(iMANN), Mytilus crassitesta Lisuhke, Chthamalus 
challengeri llOEK, etc. 

The levels of the habitats of littoral animals are decided according to 
the duration of the periods of time in which the animals are exposed to 
th(‘ air, and submerged in the water. Put the changes of temperature 
of s(‘awater also mliu(‘nc('s the zonation of some littoral animals, and 
thus a seasonal migration is seen m tin* case of Ilyanassa ohsoleta. Lit- 
torina liUm^a, lAiUyrina ; (Bac’HELDEK, 1915, citrd from Linke, 1935), 
Acinava dorsuosa Gotu.u (y\BE, 1933), Litloriim [JAttoi'ivaga) hrcvicula 
(PlllLlPin) (Abe, 1935, c), Melanoidcs (Semisvlcospirn) aipojiicus (Smith) 
(Mori, 1937), etc. 

From the observations made at Palao, it was noticxMl that the habitat 
of Siphoimria atrn ()uoy oi Caimard lies between the levels of mean-tide 
and of 30 ('m below mean-tide, and that tlu* habitat of Si])honaria sipho 
SoWEiJBY lies at a level just above tin* zone of the* former spc'cic's (Abe, 
1935, a, ’39, a). In the neighl)ourhood of th(‘ Asarnushi Station, Sipho- 
naria japonica Donovan inhabits a zone in early summer b(‘tueen the 
levels of about 10 cm above and of about 30 cm below mc'an-tide-lovel at 
Station 1, and between the levels of about 40 cm al)ov(‘ and of about 
20 cm below m('an-tide level at Station 2 ; while the same species is found 
betw(‘en the levels of about 10 cm below and of about GO cm below mean- 
tide-level in Station 1 in winter time. 

Therefore, the breadth of the zones of both Siphoimria alra and S. 
sipho is narrower than that of S. japonica. When we compare* the 
i)readth of the zone of S. aira with that of the inter-tidal zone, the ratio 
is about 1/8, while that of S. japonica is about J/2 even in the early 
summer. difference in the breadth of tlie zones may be according 

to the difference of species, but it seems more likely to be caused by 
the difference of wave action in the two cases. 

And it is also noticeable that the shifting of the zone level that occurs 
in the case of S. japonica, is presumable influenced by the decrease of 
temperature, though this is not so clear as in the case of Acmaca dorsuosa 
Gould (Abe, 1933). Such seasonal shifting is not seen in either Siphonaria 
atra or S. sipho, these species living in tropical seas where the tempera¬ 
ture of the seawater and of the air is almost constant throughout the year. 
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2. The times of locomotion for feeding purposes. 

Many observ^ations have been made on the times of locomotion of 
marine animals living in littoral zones, but it seems to the writer that 
they are not yet complete as it is difficult to observe the creatures in 
their natural surroundings. Even of one species, there are many different 
opinions as in the case of Patella ^rulgata (OuroN, 1929). Russell (1934) 
says of this lim[)et that, “The limpets living near high-water mark do 
not move very much fir very far from their home, and only when the 
sea covers them. 'Fhfi'-e living farthfT down the beach move about more 
freely — generally whtm they are submerged, but also w^hen uncovered 
by the tide, if the air is moist.” 

In the seasons spring and summer, Acfnaea dorsuosa Gould which 
lives above the high-water mark does not creep for feeding except when 
the waves splash it (AuE, 1931), and even then only certain inflividuals 
in a colony do so. 

Siphonaria atm Quov et Gaimakd and 5. sipho Sovvehry begin to 
creep just before or just after the exposure of the shell to the air during 
the (‘l)bing-tide (Are, 1933, a, '39, a). In the course of the pr(*sent 
observations, it became clear that on(‘ species of limpet, the Cellana 
toreuma (Reeve), creeps mainly when the water is rising and just cover¬ 
ing the limpet, whil(‘ another species Patelloida pygrnaea (Dunkkr) creeps 
mainly in the opem at the time just before the tide reaches its highest 
level, and Siphonaria japonica Donovan creeps just after it is exposed 
to the air during the ebbing-tide. 

Among the species belonging to the Littorinidae, extgua 

Dunker (Mitsukuri, 1901), L. littorea (Bohn, 1909; Morse, TO; Base¬ 
man, T1), L. rudis (Bohn, 1903; Morse, TO), L, ohtusata (Bohn, 1905), 
L. (Littorivaga) bre.vicula (Philh»pi) (Abe, 1935, c), etc. werf* studied 
formerly, and the writer has also made some obstTvations of L. iLittori- 
mga) millegrana (PhilU’Ri). It is known that all these species in their 
natural state exhibit rhythmical movements .synchronous with the rise 
and fall of the ocean-tide. Bohn, 1905, stated that these rhythmical 
movements are seen even in the laboratory, but Baseman and Abe were 
not able to observe any such movements. Melarhaphe {Littorinopsis) scabra 
(Ijnnaeus) is known to exhibit rhythmical movements synchronising with 
the tidal rhythm, though this species lives on the land being mainly found 
on mangrove-trees (Abe, 1936, '39, b). 

Among the species belonging to the Neritidae, Neriia japonica DunkeB 
(Tanita, formerly Suzuki, 1935) creeps as a rule when the tide rises and 
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reaches it, while Nerita {Thelia^tyla) exuvia Ijnnk and Nerita (Ritena) 
undata striata Burrow begin to creep during the ebbing-tide just before 
when their shells are exposed to the air (Ahe, 1938). 

Among the chitons, Ischinochiton magdalensis creeps only at night, 
while Chiton tuberculatus creeps mainly at high-tide, though it cr(‘eps also 
at low-tide to some extent in damp places (Arey and Cro/jek, 1919). 
The other species of chiton, Liolophura jojHinica (Lischke) creeps during 
the ebbing-tide just before or just after the body is exposed to the air 
as mentioned in the present study. 

Onchidium iOnchidella) floridanum Dale cret'ps at least an hour 
before the rising-tide reaches its home (Arey and Cko/ieu, 1918). On¬ 
chidium sp. which is commonly seen in the littoral regions of the Palao 
Island creeps during the ebbing-tide as soon as its body is exposed to 
the air (Are, 1938). 

As is stated above, the time of locomotion diff(TS in various species 
even though they l)elong to the same genus. But it is clear that the 
locomotion of littoral marine animals is mainly in relation to the move¬ 
ments of the tide and of the waves. The changes of moisture-conditions 
which occur in consequence of the movements of the tide also act as an 
important factor in the locomotion of animals which creej) mainly when 
exposed to the air, and this is seen specially clearly in the case of 
Melnrhaphc {lAitnrinopsis) scahra (Linneaus) (Abe, 1936). On the other 
hand, light-intensity is an important factor in the case of animals which 
creep only in the night-time as hchinochiton magdalensis (Heath, 1939), 
Cerithium (Aluco) aluco (I^inne), Chrysostoma parndoxum (Born) (Ahe, 
1937, b), etc. Light-intensity may also affect those creep only in the 
daytime as Baiillaria multiformis Lischke (Abe, 1931), those which 
creep both in the day and in the night as in Siphonaria atm (JnoY et 
Gaimard (Abe, 1935, a, ’39, a), and also those which creeps more actively 
in the night-time than in the daytime, as MHarhaplu^, (Littorinopsis) scalrra 
(LiNNAiais) (Abe, 1936, ’39, b). The combination of light-intensity with 
tidal-rhythm constitutes an important factor in some species when they 
begin to creep. And there exist several phenomena which seem to have 
some relation to the phases of the moon, for instance as seen in the 
increase of the number of migrating individuals in the case of Hatillaria 
multiformis (Abe, 1934) and in the changes in the number of mating 
individuals in the case of Melarhaphe {Littorinopsis} scabra (Abe, 1936, 
’39, b), etc. 

Therefore, it is recognised that the locomotion of httoral animals is 
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the result of complex phenomena influenced by many factors, and moreover 
when their locomotion is observed in a limited area, it is apparent that 
there exists a well-ordered sequence of locomotion for feeding purposes 
as is described in the i)resent observations. I he same phenomena were 
also observed at Palao, namely in the cases of zonations of Liitorina 
(ljittorivafj;a) f^nnularis (TiHAy), Siphonoria sipho Sovvkuby, S. atra Quoy 
et Gaimard, Planaxis stilcatus (Born), Cerithium concisum var., etc. 
(Abk, 1937, 1)). The two kinds of Siphonaria above mtmtioned creep 
mainly during the ebbing-tide after tliey are exposed to the air (Abe, 
1933, a, '39, a), and Flanaxis creeps during the ebbing-tide at a depth 
of about 30 to t^O cm (Abi-:, 19)^8), whih^ Cerithium creeps at the time 
of high-lide. These two snails, Planaxis and Cerithium cret'p and climb 
up to the /one of Siphonaria, but their times of feeding are clearly 
different from that of the latter. 

On comparing the habits of Siphonaria japonica with those of S. atra, 
it is found that both species begin to crec^p just before or just after the 
time when th(‘ body is exposed to the air, and the creeping continues 
from about 20 minutes to 2 hours in the former species and from 6 to 
30 minutes in the lalt('r. This difference in the length of the time of 
th(‘ feeding-locomotion may pcadiaps be due to the difference of species, 
but on the other hand it may also be due to differing conditions of 
environment. Namely, S. atra usually creeps on rocks exposed to the 
direct sunlight of the tropics, th(* surface of these rocks desiccating more 
rapidly than the submergc'd rocks in 40^ 35' N-L, where S. japonica is 
commonly found. The supposition above mentioned seems to be all the 
more reasonable when we observe the fact that S. atra creeps for a longer 
period in the night-time than in th(i daytime. 

3. The homing habits. 

(Concerning the homing habits of molluscs, they have been well studied 
in the case of f^ate.Ua vulgata, and Davis (1893) says “Observations com 
firmed the statements previously made by various naturalists, from Aristotle 
onwards, that the common limpet (Patella vulgafa) settles down on some 
eligible spot (its “ scar'’) between tide-marks, and makes a home, to 
which it returns after having been out to feedT And according to Rus¬ 
sell (1909), it is said that the following writer have studied the habits 
of limpets; LuKis (1831), Bouchard-Chantcraux (1883), Davis (1885, 
1891), Fischer, P. (1887), Morgan (1894), Fischer, H. (1898) and 
WiLLCOx (1903). Afterwards, Piekon (1909, a, b) studied Patella and 
Calyptraea; Arey and Crozier (1918, 1921) studied Onchidium (Onchi- 
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della) floridanum Dall ; Crozier (1921) studied Chiton tul>erculatus; 
Orton (1915, 1929) studied Patella vulf^ata: Abe (1931, ’33) studied 
Aamae.a dorsuosa Gould, and Siphonaria ntra (iuoY et Gaird and S. 
sipho SowERBY (Abe, 1935, a, ‘39, a), and also other species of Siphonaria 
sp, (Abe, 1935, b). And the writer may add here that Cellana mauritiana 
(Pilshry) and Paielloida saccharina (Ijnne) inhabiting the lime-stone 
rocks at Palao ( A]iE, 1937, b) also mark their scar or home on the rock 
very ch'arly. 

In the methods of homing, there may exist some gradations as Arey 
and ('rozier (1921) already indicated by “Beginning with Chiton tuber- 
culotus (Ckoziick, '21), in which th(Te can be found something like 
‘homing’, but of a rather vague type and pretty certainly the results of 
imm(‘diat(‘ stimulation, a series comprising also Patella, Onchidium, and 
Octopus exhibits more and more highly d(*veloped ‘ homing ’ propensities, 
nie return ol a Patella, Fissun^lla, Siphonaria, or Colyptraea to its 
specific site cannot be accomplished beyond a relatively slight distance; 
these creatures also tend to follow fairly definite paths in their ('xcursions 
and to adhere to these paths when returning : and some of them creep 
but slightly, if al all, away from their scars. ()nchidiu77is behaviour is 
obviously an advance in respect to complexity. Analogous behaviour has 
been described for snails and slugs (as in the famous story of tin? sick 
snail and its companion, cited by Darwin, '71, 316, and by other; 

cf. also Gooke, 95, and Sen A ref, '07). The investigation of this matter 
in snails and slugs holds the possibility of considerable interest. Finally, 
the behaviour of Octopus (cf., g., C'oWDRY, ’ll), which returns to its 

nest after extcMisive forays and from considerable distances, under circum¬ 
stances such that direct vision of the nest entrance is completely excludcMi, 
represents the most complex form of this activity among mollusc.” And 
they conclude by saying “ There is no evidence of associative or persisting 
memory in connection with homing, nor do other activities of Onchidium 
point to the existence in the form of anything approa(^.hing intelligent 
behavior. Responses to immediate stimulations are adequate for the 
analysis of the situation.” Flaitely And Walton (1922) said, “ Before 
having^ rfecourse to explanations involving higher mental activities it is 
well to consider the part played by the environment. Thus Bohn (1909) 
finds that ‘ homing ’ is not always certain. The movements of the animal 
seem to be influenced by gravity. There are lines of least resistance on 
the rock which are followed very much as one might follow them in a 
forest. It is not necessary to invoke a muscular 6r visual memory.” 
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On the other hand, Russeu. (J934) said emphasizing the opinion of 
PiERON (1909), “It is clear that it (Patella) does not regain its home 
purely by chance or by blind trial and error and “ there is an active 
and determined effort to get back to and re-occupy the customary niche.” 

WiLLCOX (1905) speaks of the ‘homing’ of Siphonaria altermita and 
of Fissurella barhadvnsis, both occurring on the calcareous rocks lying 
between tide-marks at Bermuda. “ The former did not ^ home ’ if removed 
more than six inches, but generally returned if removed more than six 
inches, but generally returned if moved a couple of inches away, doing 
best in quiet shallow tide pools. If headed away from the scar Siph(h 
naria turns of its own accord. One specimen formed a new home and 
made a green spot in three days. The range for Fismrella is about two 
inches, but otherwise its behaviour is very much like that of SiplumariaT 

Siphonaria atra QilOY et Gaimakd (Abe, 1935, a, ’39, a) also has a 
home and returns to it after journeys made to spots about from 6 to 
30 cm distant. And on the way home, the lini|H‘t (Teeps along a track 
close to the previous path so close that it is reach of its mantle margin. 
If artificially removed from its home, up to a distance of 15 cm, the 
limpet usually will return, some have even been known to return home 
even wdien artificially removed a distance of 30 cm, Injt it is understood 
that in these cases the limpets had been able to find food paths marked 
by themselves in previous journeys. Nearly the same results were ol> 
tained also in the case of Siphonaria sipho Sowekby. 

In the case of \Siphonaria japonica Donovan, the distance of the 
journey is limited to vvithin about 15 cm away from the home, thus it is 
longer than that made by Siphonaria altemata and shorter than that 
by S, atra but about equal to that made by S. sipho. The habits of 
the limpets on the way home are quite the same in the cases of S. atra 
and of S. japonica. The characteristics of S. japonica are that it rests 
at its destination for certain minutes, and that it has the habit of making 
secondary and tertiary journeys for more feeding. 

Such characteristic behaviour may perhaps be suitable to this kind of 
limpet inhabiting rocky shores of northern .seas where the waves beat 
more violently than in the habitats of S. atra and of S. sipho. And it 
is noticeable that the limpet begins its secondary or tertiary journey only 
after it has definitely returned to its home after the. first journey. This 
fact seems to suggest the method of homing, viz. the limpet can return 
home only by retracing the path travelled in the previous journey, or by 
creeping very close to it. 
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The limpet’s methods of retracing its tracks on the way home have 
been enquired into by many writers. Pikpson (1909, a, b) states of Patella 
vulgata that the limpet must have a mus(‘ular memory of the direction 
and distance it has travelled, and that this topographical knowledge is a 
tactile knowledge acviuired mainly by means of the feelers on fhe head. 
But the writer cannot accept such a theory of the existence of a memory 
concerning the direction and distance of the outward journey, from experi¬ 
ments made on Siphonaria atm and S. sipho (Ahe, 1939, a). And it is 
an important fact that the limpet creei)s homewards taking a slightly 
different path from the outward track, though it is made very close to 
the latter. l^tKKON then, and those who hold a similar opinion, must be 
corrected, at least in the cases of Siphonaria otra, S. sipho and S. japo- 
nica. 

It is conc('ivable that the method taken in returning home is quite 
simple in that the limpet creeps very close to the outward track, and the 
latter may he easily found by using the tentacles on the head and the 
mantle edge. Th(‘ reason for taking a different course on the way home 
is that the limpet will find more food them it would on the original track 
where it has already been feeding. 

1. The pcTiods of mating and spawning. 

Feattely and Wai/pon (1922), say “The period of reproductive activity 
is frecjuently adjusted to the seasons, or may even coincide with a parti¬ 
cular phase of the moon (e. g, Convoluta), the result b(u‘ng to allow the 
larvae the optimum change of survival.” 

The breeding season of Siphonaria japonica Donovan is during the 
months of May, June and July at Asamushi, and the periods of spawning 
are clearly related to lunar periodicity. This phenomenon of breeding 
occurring in relation to lunai' periodicity is widely known in the cases of 
animals and plants, and they are listed in Table IV. 

Besides the spe'cies listed in Table IV, several algae belonging to the 
Family Fucacae exist that produce their sexual cells at about full-moon 
or new-mcK)n in the neighbourhood of the Asamushi Station (according 
to Mr. Kogoko Abe), The Kanaka tribes say that the robber-crab, 
Birgus latro I^naeus, spawns its eggs between the peliopods (the 
peliopods are entirely absent in the male) at the time of the new-moon 
at Peliliu, South Sea Islands, and Mr. Tatsuo Aoki says that certain 
sand-flies oome into the house in groups at the time of the new-moon, 
while they disappear completely at the time of the full-moon at Peliliu. 
Though there exist many animals and plants which breed in relation to 
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Table IV. Plants and animals in which breeding is known 
to occur in relation to lunar periodicity. 


Species name 

Phase of moon 

i 

1 

i S; 

< 


Neodcrma 

hilunar 

Dictyotd (lichotDTTUi 

bilunar 

Dictyota dkhotoma 

lunar 

Sargdssum cnt^rvr 

hilunar 

Dictyuta dichotama 

hilunar 

JJictyota dichotomn 

l)ilunar 

>• 

full moon 

Dtcfiola de.ntata 

full moon 

Diet iota ciliolata 

full moon 

0)elenterata 


Obelia f^cniculata 

full moon 

Pocdlnponi bulbosa 

full and new 

Fungja actiniformiR 
var. palaivertsis 

new moon 

Kf'hinodermata 


Toxopneusthes variayatus 

full moon 

Centrechinus J)iadcma) 
srtnsus 

full moon 

Po]ycha(‘ta 


Lendu'-C inrtdis 

thud quarter 

Leodice fucata 

third quarter 

Ceratocephale osuwai 

new and full 

Convoluto roscoffcnsis 

new and full 

Lysidicc ode 

full 

Amphritrite ornata 

new and full 

Nereis dumenlii 

1st & 3rd quarter 

Odontosyllis enopla 

third fjuurter 

Nereis limbata 

full to 3rd q. 

1 3rd q, to new 

Platynereis me^lops 

between full 
and new 

Eulaha punctifera 

third quarter 

Mollusca 


Chiton tuherculatus 

full 

Chaetoplcura apiculata 

hetw«en full 
and 3rd q. 


T 


Localities 

Author 

Heltroland 

Kl’ckuck (1901; 

Plymouth 

Pangor 

WiijjAMS (1905) 

Beaufort 

N. Carolina 

Hoyi’(1907j . 

Misaki 

■I'ahaua (19()9')^*- 

Naples 

Lewis (1910) 

Europe 

Hoyt (1927 A 

N. ( arolinu 


.Jamaica 

Jamaica 

- 

Millport 

EcMiiiRST (1925) 

Great Parri<’r 
Reef 

Marsh AM. & Stki’HKNson 
, 1933r< 

l*alao 

Auk ( 1937. !.)* 

I’ortugas 1 

TcNNirn' (1910) 

Suez ! 

Fox (1923) 

Samoa 

Whitmkk (1875) 

Tortugas 

Mayer (1900) 

'fokyo 

IZIIKA ('I903y* 

Brittany 

(iAMin.E El Keebie (1903) 

Horst (1905) 

Woods Hole 

Scott (U>09) 

Naples 

Hempeeman (1911) 

Flatt’s Is. 

GAiJX)WAy & Weu:h{1911) 

Woods Hole 

Lillie & Just (1913) 

Woods Hole 

Just (1914) 

(.'onareneau 

1 Face & Legendkle (1920) 

Idermuda 

Crozier (1920) 

Woods Hole 

CfKAVE (1922) 
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Spcciea name 

Phase of moon 

l-^)calitie^ 

Author 

Ostrea edults 

full 

Falmouth 

Orton (1926)^ 

Ctimingia telUnoides 

full 

Woods Hole 

Grave (1927)* 

Pecten opercularis 

full 

Plymouth 

Amirthalingam (1928;^^ 

Acanthoxostera gemmata 

full 

Great Harrier 
Reef 

Sterhen.son i^l934j^ 

Siphonaria atra 

half moon 

Palao 

Ahk (1935, a, ’39, aV 

Stphomiria sipho 

half moon 

Pal HO 

Are 0935, a, ’39, a) 

Melarhaphc (Littirrinopsis 
scabra 

half moon 

Palao 

Am- (1936, ’39, h) 

Siphorina japonica 

i full moon 

A'^amushi 

Am-; (1939a) 

Pisces 

Leurfsfhcs tvnuis 

1 

full and new 

C aliforniu 

Thompsons (1919, 

Glark ; 1925' 

Mammalia 




Homo sapiens 



AumtENins (1898; 

1 


wnt(T mad<' ohsorv afion in P)09 of th(^ pcriodii'ity occurnn^f in the oof^onium 
liberation, and found that the intervals between two successive liberations vary in 
an irn'Kular manni'r, w’ithout havin^i any fixed ndution to the highest spring tide 
i/rAUAUA, 191 

"^Papers otht'r than these were cited mainly from Amirthai.ingams pajH'r of 1928. 

lunar peritxlinty, in most cases the eaiises are not clearly explained. 

It is said by IzUKA (1903) that the Japanese Palolo, Ceratocephale 
osatvai Izuka swarms most abundantly within 3 days after the new-moon 
and after the full-moon in the months of October and November, and 
that the swarming is greater after the new-moon than after the full-moon, 
and moreover the same writer noticed that the spring-tide following the 
ntjw-moon is higher than that which comes after the full-moon, remarking 
that “ There is then a noticeaide parallelism between the occurrence of 
the densest swarm and the highest spring-tide during the months con¬ 
cerned.” 

Orton (1926) who studied Ostrea ednlis listed and described the 
probable predisposing factors of periodicity in the spawning as follows : 
'‘1. Tide, variation in height, accompanied by increase and decrease of 
pressure, temperature, salinity and other more recondite hydrographical 
factors, such as pH at successive high and low tides. In .spring-tides the 
rates of change in * the above factors will generally be greatest, so that 
decrease of pressure, increase of temperature and to a less extent decrease 
of salinity will act together. 2. Moonligh: variation in intensity and 
duration. Maximum values will occur about new moon spring tides. 
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3. Food : variation in the amount of (a) available food materials, and/or 
(b) food-intake in the tidal or bi-lunar cycle. Food many be most abundant 
and feeding most active during neap-tides, but this is not known with 
accuracy, but in view of the rapid development of the sex-elements these 
factors are undoubtedly important. 4. Temperature: absolute variation. 
There can be little doubt that a temperature of about 60° F constitutes 
the lower limiting value for breeding in the oysttT. 5. Sunshine: the 
variation in duration and intensity of which should not be neglected in 
a study of an estuarine form : maximum values on the beds would tend 
to occur at spring tides. 6. Undetected factors, such as may have operated 
in the course of evolution, and may or not be determinable.” 

Grave (1927) says with regard to Cumingia tellijmides, ” The heaviest 
spawning occurs at the period of the full moon until new moon, and that 
the period of the first quarter is the period of restricted spawning. This 
behavior of Cumingia can scarecely be explained on any other ground 
than as a lunar effect.” and ‘‘ It is shown that temperature is not the 
only factor which determines the duration of the spawning season and 
periods of si)awning.” 

Hoyt (1927) says on an algae, Dictyota, that “The fruiting periods 
seem to be related to the tides, but the relation of fruiting period to 
tide is different for each region studied. Wherever the tide are regular, 
as in England, Wales, lUily and North Carolina, whether range is greater 
or smaller, the periods are regular and constant unless retarded by un¬ 
favorable conditions; but where tlie tides are irregular, as in Jamaica, 
the periods are scarcely evident; Where the range of tide is very slight, 
as at Naples, the development of the fruiting crops is less uniform than 
where the range is greater, as in Wales, England, and North Carolina.’’ 

Ajvurthaungam (1928) studied Pecten opt^ularis, and says “ Hence 
it would appear that there is a maximum temperature limit of about 
11 ° C for Pecten opercularis which the breeding of the species stops. 
This, with the work of Orton and Fox, suggests that there is a maximum 
and minimum temperature limit for each species of the marine animals, 
between which temperatures breeding mainly occurs.” and “ It is suggested 
that in the animal there is a physiological rhythm that causes the develop¬ 
ment of the gonad to coincide with the full moon of each lunar month.” 

The writer has studied Siphonaria atra QuoY et Gaimard (Abe, 1935, 
a, ’39, a) and Melarhaphe {Littorinopsis) scabra (Linnaeus) (Abe, 1936, 
’39, b) and has found that the former species mate in the days at the 
time of the fuU-moon and perhaps also at the time of the new-moon, 
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and spawn at the time of the haJf-moon, but the later species mate 
mainly at the time of the half-moon, thouf^h this species lives on the 
mangrove-tree growing in the littoral zone. On the other hand, the 
writer has studied Batillaria multiformis (Lischkk) (Abe, 1934), and has 
found that this species shows a rhythmical change in its movement and 
migration, and at the time of the half-moon, the number of individuals 
to be found are most numerous, while at the time of the full-moon and 
new-mor>n, they are few in number, (onsidering the above facts, the 
writer has taken particular note of locotnotion, of mating and of migration, 
and has stated his opinion of the importance of the combination of the 
factors of tidal-phase and change of light-intensity by day and by night, and 
the result of this combination appears to be related to lunar periodicity 
(Abe, 193b, ’39, b). 

Now considering Siphonaria japonica, the mating of this species takes 
place or begins to take place mainly at the time of the waxing half-moon, 
and the spawning takt‘s place or begins to take plac(‘ mainly at the time 
of the full-moon. While both Siphonaria atra and S. sipho mate at the 
time of the full moon, and perhaps also at the time of the new-moon, 
and spawn at the tinn' of the half-moon. Furthermore, individuals of 
the former species are seen mating in the morning or forenoon while in 
the latter they are seen doing so mainly in the night-time. Therefore it 
may be considered that Siphonaria japonica has the habit of mating 
when the light is weak, such as in the twilight, and Siphonaria atra or 
S. sipho has the habit of mating in the darkness. Therefore the time 
of mating may be decided according to factors both of light intensity 
and time of low-tide, as the two Siphonarias creep in the open air only 
at low-tide. 

At Palao, where Siphonaria atra and S. sipho are found, the low-tide 
ocx'urs at mid-night at the times of the full-mcxm and of the new-moon, 
and consequently the period of the mating of these species may be de¬ 
finitely said to occur mainly at the time of the full-moon or of the new- 
moon. At Asamushi, the habitat of Siphonaria japonica, low-tide occurs 
at daybreak or at sun-set a few days after the half-moon, and thus the 
period of the mating of this species may be said to occur mainly on the 
days following the half-moon. 

Here it must be noticed that'there is a maximum and minimum limit 
of temperature for each species living in the temperate regions, such as 
in the case oi Siphonaria japonica. But the conception of the combina¬ 
tion of the factors of tide-phase with the intensity of light by day and 
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by night may explain throughout to some extent the phenomena which 
occur in connection with lunar periodicity. 

5. The egg and its development. 

Here I should like to compare the egg and larva of Siphonaria 
joponicxi in various developmental stages with those of other species of 
Siphonaria. 

The egg-ribbon of Siphonaria japonica is nearly semicircular or nearly 
circular in form enveloped in a thick gelatinous mass, and it resembles 
those of S. lepida GouLD (Fujita, 1901, PI. 1, Fig. 1), S. australis Quoy 
and Gaimabd (Hutton, 1882, PI. 15, Fig. 8) and of S. sipho Sowhkby. 
In size, it is nearly the same as those of S. japonica, S. sipho and S. 

lepida. The egg-ribbon of Siphonaria atro (Abe, 1939, a, Fig. 9) is an 

irregular whirlpool in shape enclosed in a tape-like gelatinous mass, and 
the longer diameter attains to about 2.8-3.1cm. 'bhus the form of the 
egg-ribbon of S. atra is quite different from those of the other species 
of Siphonaria. 

The eggs of the Siphonaria are enveloped in an egg-capsule of elipsoidal 
form, and are linked one to another by means of fine threads attached 
to both ends. The si/e of the egg-capsule is about 0.18 mm in the longer 

diameter (L) and is 0.1 mm in the shorter diameter (H) in S. australis; 

0.18mm (L), 0.13mm (B) in S. atra; 0.27mm (L), 0.17mm (B) in S. 
lepida and 0.27 mm (13, 0.15 mm (B) in S. japonica. The diameter of 
the egg is about 0.067 mm in S. australis, 0.085 mm, in S. atra, 0,10 mm, 
in S. lepida and 0.087 mm to 0.091 mm in S. japonica. 

The sha[)e of the post-larva, ^seen just before hatching, is nearly the 
same in both species of S. atra and S. japonica, but the size of the 
larval shell is about 146x 98in S. japonica and about 84//x 55in 
S. atra. llierefore the larva just before hatching is larger in the Sipho¬ 
naria living in the temperate zones than in the Siphonaria living in the 
tropical seas, though the size of the shell of the adult individual is smaller 
in the former species. 

Of the development of the larva, in S. atra it hatches out about 4 
or 5 days after spawning in t|ie tropical seas (Temperature of seawater 
is about 27-28X) while in S. japonica it hatches out about 15-20 days 
after spawning in the temperate zone (Temperature of seawater is about 
13 -15T) and this difference in the period of hatching is probably caused 
by the difference in the temperature of the seawater. On the other hand, 
it must he noticed that the spawning is seen about 7 days after the 
mating in both S. atra and S. japonica. 
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As is suggested in the above, it would be an interesting and important 
problem to study the differences in the periods between the mating and 
the development of the larva of animals living in tropical and in colder 
seas. 


SUMMARY 

1. Siphonaria japonica Donovan inhabits the level just below the 
mean-tide-l(wel in the warmer season, though its zonation is different 
according to the influence of w^ave action, and it migrates a little below 
th is level in the winttT time. The relationship existing between the 
zonations of Siphonaria japonica and other animals and plants inhabiting 
the littoral zone is studied in the present paper. 

2. 'Ihe Siphonaria begins to creep for feeding purposes before or 
just after the time when it is exposed to the air during the ebbing-tide, 
and continues locomotion for al)out tw'o hours, and it does not usually 
creep in the water. It is found that the phenomenon exists of a sequence 
of the times of creeping in the case of animals living in limited areas in 
the littoral zone. 

3. The food of the Siphonaria consists mainly of algae but it also 
eats the sedentary Diatoms. The latter does not seem to serve as food 
as they are excreted by this animal while they are still living. 

4. The Siphonaria forms a distinct home, and shows a homing in¬ 
stinct. The distance of locomotion for feeding is limited in general to 
within about 15 cm. And this species makes sometimes a second or even 
a third journey for feeding aftcT it has definitely returned home from 
the first journey. The individuals of a smaller size with a shell shorter 
than about 6 mm sometimes do not show any homing instinct. 

5. The method of the return home in the case of the Siphonaria is 
to cr(‘ep very close to the outward tracks, which are easily followed by 
means of tentacles on the head and by using the mantle margin. 

6. The Siphonaria is a hermaphrodite animal, mating mainly at the 
time of the waxing-moon. In the act of mating, the heads of two indi¬ 
viduals come into contact and the penis is^extruded emitting the sperma- 
tophore. 

7. The .spawning takes place about 7 days after the time of mating 
and therefore it occurs at the time of the full-mcKm. The species spawn 
the egg-ribbon on rock-faces on a level .situated just below its habitat. 

8. The eggs are enveloped in egg-capsules of ellipsoidal form, and 
are linked one to another by a fine filament attached to both ends of 
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the longer axis. The larva is retained within the egg'Capsule till it develops 
to the stage of post-larva, and then it hatches out about 15 to 20 days 
after the spawning, and therefore it occurs at the time of the new-moon. 

9. The spawning season takes place during the months of May, 
June and July at Asamushi, where the temperature of the seawater 
ranges from KT (' to 23 C. 

10. The phenomenon of periodicity, which is noticed in the breeding 
and other habits, and which occurs in relation to lunar periodicity, seems 
to be explatned by the conception of the combination of the factor of 
the tidal-phase with the factor of the intensity of light, either of day in 
which the animals cree[) most actively, or of night in which they do not 
creep at all. 
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INTRODUCTION 

The writer published previously several papers concerning the diurnal 
activity of insects relating to its environmental conditions. In the present 
paper the diurnal variation in the body temperature of the Strawberry 
Weevil, Anthonomus bisignifer Schenklinc, is dealt with. 

From the writer’s previous papers (Kato, 1936, 1937 a, b, 1938 a, b) 
concerning the ('cological investigation on the diurnal activity of the 
Strawberry Weevil, it was recognized that some close correlation exists 
between the activities of the Strawberry Weevil and the environmental 
temperature factors, and that the diurnal rhythm occurring in the activity 
of the said weevil is mainly governed by various temperature factors, and 
thus was proposed the necessity of directing our attention towards the 
ecological investigation of the body temperature of this weevil. 

The writer had measured the body temperature of the same weevil 
in field condition (Kato, 1939). Considering the results obtained from 
this investigation, it was concluded that the process of the fluctuation of 
the body temperature is caused primarily by the increase and the decrease 
of the solar radiant energy and is affected only secondarily by other 
meteorological factors. Of course, it will be needless to say that the 
body tempe^rature is based upon the air temperature and, therefore, the 
solar radiant energy is effective in an additional condition to the air 
temperature. 

But we are still not convinced of some close correlation existing be 
tween the activity of the Strawberry Weevil and the environmental com 
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ditions, because the diurnal variation of the body tem[)crature has not 
been experimentally clarified. 

In the present investigation the writer wishccs to deal with the cor¬ 
relation between th(‘ diurnal variation of the body temperature and that 
of the environmental temperature factors. 

Before proceeding further the writer wishes to express his sincere 
thanks to Prof. Dr. Sanji IIozawa for his kind guidance and encourage¬ 
ment given to him and to Assist. Prof. Dr. IsAO Motomura for his 
valuable suggestions. The writtT is also grateful to IVof. Dr. SAr:MON- 
Taro NakaM(’ra, th(‘ director of th(‘ Mukaiyarna Observatory, and to 
Assist. Prof. Dr. Yosio Kato of the same Observatory for th(‘ir kind 
assistance given him in using tb<‘ instruments. 

MATKRIAI. AND METHOD 

Som(‘ overwintered Strawberry Weevils, that were found active in 
th(i strawberry garden of Gaskn-En, situated at Mt. Dainenji, Sendai, 
and that were collect( hI th(‘re, were u.sed as material in th(‘ present in¬ 
vestigation. 

Th(* greater part of the pre.sent experiments were carried out at the 
Biological Institute of the Tbhoku Imperial University and partly at the 
Geophisical Institute of th(‘ same. 

The th(‘rmo-el(T.tric method was adopted to measure th(‘ body tempera¬ 
ture and the th(Tmot)ile specially designed was used to learn the difference 
between th(‘ body temperature and the air temperature. The .solar radiant 
energy was measured by means of a solarimeter and a black heliothermo¬ 
meter. l'h(‘ body temp(*rature and the solar radiant energy W'(?re^recorded 
respectively using millivoltmeter. The air temperature was observed by 
Asman’s respiratory thermometer. 

RE.SUIH AND DISCUSSION 

I. Body Temperature in the MoRNiNti : (Text-fig. 1 . Experi¬ 

ment No. 7). 

Before the sunrise the body temperature of the Strawberry Weevil is 
nearly equal to the air temperature. After the sunrise the body tempera¬ 
ture rises rapidly in accordance with the increase of the solar radiant 
heat, and its rising velocity is fairly great compared with that of the air 
ti mperature. Thus th(‘ body temperature soon becomes 4’C or more 
higher than the air temperature. It may be .seen in this experiment 
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that th(' solar radiant boat is fully utilized. The temperature regulation 
above mentioned is never seen in the midday or in the evening and thus 
it may 1)0 thought that it depends upon the low air temperature which 
forms the source of the body tem|)erature. 



FV. 1. Diurnal variation of tin* hotly tomr-oraturc of the weovil 
and the temjterature en\ ironnienls. No. 1. a: difference hetwt'en 
th(‘ body temperalun^ and the (‘nvironmental air temperature, b: 
reading ol the bluek heliothermomeler, c: .solar radiation recorded 
usinK a soliinmelt r, e': zero-line of tlu' solar radiation, d: air 
temptMTiture (Experiment No. 7,. 


l'h(‘ remarkal)l(' absorption of (h(‘ solar energy is seen in the morning 
due 10 the low air temperature, and, tht^refore, if the sun is suddenly 
obscured by clouds, then th(‘ body temperature falls down rapidly to a 
degree similar to th(' air temperature showing a* phenomenal descent 
So it may be permissible to think that the fluctuation of the solar radia¬ 
tion rxerts, in the morning, a remarkable influtmee upon the descent and 
ascent of the body temperature and therefore that the large difference is 
seen between the body temperature in the case of the fine morning and 
that in the case of the cloudy morning, and also that the rising velocity 
of the body temperature in the former case may he greater than that 
in the latter case. 
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II. Body Tempekature in the Midday: (Text-fig. 2 . Expert’ 

ment No. 11). 

It seems to bo noticeable that the difference between the body tempera¬ 
ture and the air temperature is in this period not so large as in the 
morning showing only cTC or nearly so. Though the solar energy is the 
greatest in this time and the air temperature is also the highest and thus 
it is naturally expected that the body temperature may be fairly higher 
than the air temperature, the difference between the body temperature 
and ihe air temperature was unexpectedly smaller than in the* morning 
as mentioned in the above. Namely the remarkable utilization of the 
solar radiant heat is not, of course, observed, but the reverse temperature 



Fig. Z. Diurnal variation of the body temperature of the weevil and the tem¬ 
perature environments. No. 2. [Experiment No. 11). 


regulation, that is the inhibition of the absorption of the solar radiant 
heat, seems to be done. This may be evidently caused by the high air 
temperature forming the base of the body temperature, and, consequently, 
even if the sunshine is intercepted suddenly bv clould, the body tempera¬ 
ture does not show any great fall. 

Thus with the rising of the air temperature, the air temperature be¬ 
comes gradually important as a controlling factor of the body temperature, 
though in the morning the solar radiant energy was the superior as factor 
controlling the body temperature. 
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III. Body Temperature in the Evening: (Text-fig. 3 & 4. 

Experiment No. 6 9). 

The remarkable utilization of the solar radiant heat which was notice¬ 
able in the morning was never observed in the evening. Of course it is 
needless to say that the temperature regulation due to the high air tern*- 
perature is not also seen. The difference between the air temperature 
and the body temperature in this period decreases gradually accompanying 
with the decrease of the solar radiant energy, and after sunset the body 
generally keeps a degree of temperature similar to the air. 



Fig. 3. Diurnal variation of the iKxiy 
temperature of the weevil and the tem¬ 
perature environments. No. 3. {Expert- 
ment No. 6). 



Fig. 4. Diurnal variation of the body 
temperature of the weevil and the tempera¬ 
ture environments. No. 4. Experimint No. 9). 


It seems that the phenomenon above mentioned is caused hy the 
fairly high air temperature which forms the base of the body tempera¬ 
ture and which is in the optimum temperature zone of the activity of 
the said Weevil. Consequently, even if the sun is obscured by clouds, 
the body temperature does not fall in a marked degree and is kept still 
fairly high. And then the body temperature falls gradually being in¬ 
fluenced by dte falling of the air temperature. It is therefore noticed 
that the air temperature is one of the most important factors controlling 
the body temperature. 
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CONCLUSION 

From the results obtained by the experiments above mentioned, we 
have learned the process of the diurnal variation in th(* body temperature 
of the Strawberry Weevil. 

The body temperature is generally equal to the air temperature before 
the sunrise, but after that it rises more rapidly than the air temperature 
does and becomes T(' or more high(‘r than th(‘ latter. Thus the great 
utilization of the solar radiant heat is seen. 

Hut with the progression of time this phenomenon becomes weak. 
In spite of that the solar radiant energy increases rapidly and the air 
temperature also rises^ the absorption of the solar energy to be executed 
by the body of the weevil decreases. And in the period when the solar 
radiation is the greatest and the air temperature is also th(^ highest, it 
i.s noticed some phenomenon of reverse temperature regulation, that is 
the inhibition of the absorption of the solar energy, is seen. Conseqiu'ntly 
the difference between the body temperature and the air temperature 
becomes only 3°C or nearly so. 

In the evening the solar radiation decreases gradually and its amount 
becomes nearly equal to that in the morning, and thus the evening and 
the morning stand symmetrically at the noon time in relation to time. 
Nevertheless, the notable utilization of the solar radiation, which was seea 
in the morning, is not observed. Of course, th(' regulation due to the 
high air temperature, which was observed in the midday, is never seen. 
This seems to depend upon the fairly high air temperature lying in the 
optimum temperature zone of activity of the weevil. Body tem|)erature 
falls gradually accompanying with the gradual decreasing of the solar 
energy. 

In conclusion, regarding th(‘ environmental temperature factors which 
controll the body temperature of the weevil, it may be said that the 
solar radiant energy is predominant in the morning, but with the pro¬ 
gression of time the air temperature becomes important. 

The relation between the diurnal variation of the body temperature 
and the environmental temperature factors has been mentioned above. 
The body temperature itself is, however, highest in the midday ; and 
th('n in spite of the remarkable utilization of the solar radiant energy,, it 
is lower in the morning than in (h(‘ evening, as the air temperature, 
which forms the base of the body temperature, is fairly lower in the 
former than in the latter. 
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It was also known that the rising velocity of body temperature in 
the morning is very rapidly influenced by the solar energy, but the falling 
of the same in the evening is rather slow depending upon the gradual 
fall of the air temperature. 
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ON THfe VITAMIN-C (ASCORBIC ACID) CONTENT OF 
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By 

Tatsiio Koizumi and Tomio Kakukawa 

Biolofocal hislitvtr, Tahoku Imperial University, Sendai 
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I Roceivccl Janu^iry 17, 1940) 

Since the publication of the easy direct titration method of vitamin-C 
(Tillmans et al. 'B2), a large number of papers dealing with vita- 
min-C has been written by various authors. According to thi^m, vitamin-C 
occurs or accumulates in large quantities in leaves, flowers, fruits etc. 
(Bessey and Kino Fu.iita and Ebihaka ’37, '39 a, Mituda ’38 a, 
Bessey '38/a see also KiN(i ’39), 

Besides the vitamin-C conttmt of plants uschI for food, that of marine 
algae (Nouius, Simeon and Williams ’37 etc.), wild herbaceous plants 
(Miwa ’38, ’39, Saito and Watanabe ’39), leaves of trees (Miwa ’38, 
’39) etc. has been also estimated. 

The vitamin-C content of a species is considered to be correlated with 
various factors, viz., the variety (Tressleb, Mack and Kino ’36) the 
polyploidy (Sansome and Zilva ’36 etc.), the individual, tfu^ type of soil 
(Tressler, Mack and Kino ’36), the fertilizer (Asikaoa ’38, Suoaw ara ’38, 
Ijido ’36), the organic food (Reid ’38), the sea.son (Tressler, Mack and 
Kino ’36), the age or maturity (Tressler, Mack and Kino ’36, Mituda 
’38 a, Asikaoa ’38 etc.), the content of chlorophyll (Bessey and Kino ’33, 
Giroud, Ratsimamanoa and Leblond ’34, Randoin, Giroud and Le- 
BLOND ’35, Asikaoa ’38) and the light conditions (Reid ’38, Suoawara 
’39, Asikaoa ’38, Mituda ’38 b etc,). 

As ascorbic acid occurs in relatively large quantities in a)l green 
leaves, and both ascorbic acid and chloroplasts reduce AgNO^ in acid 
medium, it is concluded that ascorbic acid is associated with chloroplasts 
(Giroud, Leblond and Ratsimamanoa ’34, Giroud, Ratsimamanoa and 
Leblond ’34, Randoin, Giroud and Leblond ’35, Giroud ’38, Dischen- 
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DORFER '37, Asika(}a ’38, Weier '38, Pekahek ’38 etc.), though Mmi- 
MANOFF (’38, ’39 a, h) questions th(‘ correlation between ascorbic acid 
content and chromoplast pigments (sec also ('akuso ’38). Bukatsch (’39) 
has recently proved the active participation of ascoi^bic acid in photo¬ 
synthesis, at least in formaldehyde formation, acting as oxidation-reduction- 
factors correlated with the function of fluorescent chloropliyll, both in the 
green plant and in the model (emulsion) in favour of Baur’s scheme (’32, 
’35, '37 a, /), c) while GiRoun ('38) thought that ascorbic acid plays an 
important part in thf‘ condemsation process of formaldehyde into sugar. 

The present investigation is concerned with (1) the estimation of both 
reduced and reversibly oxidi/ed forms of ascorbic acid contained in the 
leaves of wild herbaceous plants, and in marine algae, (2) the effect of 
light upon the accumulation of ascorbic acid and (3) the relation between 
ascorbic acid content and variety. 

MATHHIALS AND MKI HODS 

Materials — Most of the materials used in th(' present investigation 
were collected from the Botanical Carden of th(^ Institute. The leaves 
of th(* middle parts of th(‘ plant were carefully selected, and immediately 
used for purposes of extraction, those showdng defects being discarded. 

hjctraction and Analysis — As dohydroascorbic' acid possesses nearly the same 
antiscorbutic potency HiRST and Zii va ’33, Fox and Lr.\ v ’3b, Bousook, Davrnport, 
jEtFERJCvs and Warner ’37 etc.' and similar participation in pholosyntliesis as ascorbic 
and (Beka’ISch ’39;, it is necessary lo estimate both forms of as(a>rbic and. 

Socalled bound ascorbic acid which may exist in certain plant-tissues and which is not 
extracted by the usual acid extraction iMcHENuy and (jIuxham '33, Rkedman and McHenry 
’ 38 etc. is considered not to exist Fcjita and Fhihara \39//, Katai '39 etc.). 

'Fhe points to be attended to in the ijuantitative determination of vitamin-C are con¬ 
sidered to bo as follows (Bfssey ’38 o,Ito ’38, Okcda and Katai ’39 etc. y- 

]. ITie extraction should be complete, and aseorbie arid should be protected from 
rapid oxidation due to Oo and enzymes liberated by the mact'raU'd cells, or by th(‘ presence 
of traces of certain metals and its reversibly oxidiy5<‘d product, dehydroascorbic acid, from 
further destruction—('old metaphosphoric acid of suitable roncentration was used. 

2. The indophenol titration should be protected from any interfering substances having 
a reducing pot(*ntial lower than'the dy«'.Titration was carried out near at O'^C. 

3. 3'lie reduction of dehydroascorbie acid by H«S should be complete.— It was carried 
out in a suitable pH range. 

4. Reagents should be protected from rapid change. They were stocked in a re¬ 
frigerator. 

Analytical Procedure,- This was carried out by a method similar to 
that modified by Okuda and Katai (1939). Immediately after being 
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collected the leaves wete washed with distilled water, wiped with filter 
paper and 2-5 gm. were weighed out. They were placed in a cooled 
mortar, covered by 5-10 c.c. of cold 10^ HPOg and then ground up 
with purified quartz sand within 5 minutes, and diluted with cold water 
to a volume corresponding to. five times the volume of HPOa used, 

or 1:5 dilution {2'^/i^ HPO<). After standing in a refrigerator for 30 
minutes during which time it was stirred occasionally, the content was 
centrifuged. 

One part of the supernatant fluid (extracts) was used for the determi¬ 
nation of (reduced) ascorbic acid ; that is, 0.1 c.c. of 0.01 M. 2,6*dichloro- 
phenolindophenol solution, cooled near to OX', were titrated with the 
cold extract from a 2 c.c. messpipette. The standardization of the dye 
was made by 0.01 N thiosulphate titration of the iodine liberated from 
K1 by the oxidized form of the dye in acid solution (Menaker and 
Guekrant ’38). According to Bessy ('38/0 sulphuric acid reacts with 
the dye and should never be used. 

The other part of th<^ supernatant fluid was used for total ascorbic 
acid (ascorbic acid -I- dehydroascorbic acid): The fluid was treated with 
H2S at pH 4.8 (O.f) c.c. Na acetate to 10 c.c. fluid), and stoppered. 

After standing overnight, th(‘ H2S was removed by CO> or N2 (controlled 
by lead acetate paper for several minutes): the solution was made up to 
twice the volume of the extract by the addition of 10^<9 cold HPO;^, 
centrifuged, stoppered, and cooled and the titration was then carried out 
similarly. Dehydroascorbic acid is represented by the difference between 
the above two determinations. 

RESULTS AND DISCUSSION 

1. Ascorbic acid content of leaves of herbaceous plants. 

As shown in Table I and Fig. 1 the greater part of vitamin-C of the 
leaves of most herbaceous plants is found in the reduced form. This is 
the case with animals (King ’39, p. 403, Fujita and Ebihara ’37, ’39 a 
etc) and other plant leaves (Bessey ’38 a, Okuda and Katai ’38 etc). 



Table 1. 

Ascorbic acid {vitamtn-C} content of leaves of herbaceous plants. 
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Total ascorbic acid {mg. per gm.). 

Fig. 1. Relation between reduced form of ascorbic acid/total ascorbic acid 
and total ascorbic acid. 


The table shows also that herbaceous plants of small vitamin-C con¬ 
tent belong, for the most part, to shade plants (mg. per gm.), viz.: 


Begonia Evansiana Andr. (0.207) 

Salvia iiipponica MiQ. f, argutidens Making (0.217) 

Cacalia delphiniifolia Sikh, et Zucc. (0.393) 

Cacalia bulbif(mi Maxim. (0.446) 

Phryma Leptostachya L. a (0.483) 

Cimicifuga acerina Tanaka (0.618) 

Dryopteris viridescens O. Kuntze (0.625) 

the plant, grown by chance, in the shade, viz. : 

Plantago major L, var. asiatica Decne. (0.558), 

the marine plant, viz.: 

Phyllospadix Scouleri Hook. ^ (0.597), 

the succulent leaves viz.: 

Crinum asiaticum L. var. japonicum Bak. (0.500) 

Sedum lineare Thunb. (0.337), 

and Papaver orientate L. (0,459). 


The herbaceous plants of large vitamin-C content mainly belong'to sun 
plants. And among them, those of largest vitamin-C content are as follows 
(mg. per gm.): 



VITAMIN-C COOTENI 


in 


Metaplexis japonica Making (3.516) 

Tropaeolum majus L. (3.124) 

Thalictrum Thunhergii A, P. DC. 

var. hypoleucum Nakai (2.671) 

Chenopodium album L. 

var. centrorubrum Making (2.186) 

Amarantus Blitum L. var. oleraceus Hook. f. (2.124) 


From the data of Miwa (^38 IV, V, VII) herbaceous plants whose 
leaves have more than 1 mg. vitamin-C per gm. fresh weight are selected 
(only the reduced form was estimated) : 


Sper.ioa 

Family 

Vitamin-C 

Collection 

Sosa Veitchii Rkhd. 

Gramineae 

1.421 

Aug. 

Phiohlastus varipf(ata Making var. 
viridis Making, f. pubescens Making 

2.053 2..346 

Feb. 

Ilordeum sativum Jkhs. var 
hexastichon L. 


0.897 1.477 

May 

AfiTostis pPTcnnans Tuck. 

,, 

1.079 1.177 

Mar. 

Aster Laulureanus Fkanch. 

Compositae 

1.111—1.228 

Oct. 

Lactura vhincnsis Making 

,, 

1.079 

Mar. 

Trifolium rcpens L. 

Leguminosae 

1.295—1.52:^ 

Oct. 

Cassia Tnra L. 


1.750 1.815 


Mimosa pudu'a L- 


1..372 

Mar. May 

Astragalus sinicus L. 


1.177 

Feb. 

Pisum sativum L., 

,, 

0.875 1.027 

Apr. 

Polygonum Blurnci Mr.iSN. 

Polygonaceae 

1.5.56—1.729 

Oct, 

,, orientals I., 

var. pilosum Meisn, 

„ 

1.290 -1.532 


Rurnex Acetosrlla L. 


1.290 

,, 

Lobelia radicams Thunu, 

Campanulcueae 

1.204 -1.307 

,, 

Viola yezoensis Maxim. 

Violaceae 

1.156 1.103 


>. mandshurica VV. Bkck. 
var. ciliata Nakai 


1.406—1.758 

Mar.—May 

Belamcauda chtnensts Lkman 

Iridaceae 

2.751-3.075 

Oct. 

Triionia Pottsii Henth. et Hook. f. 

.. 

1.313 1.688 

Ajjr. 

Amarantus Blitum L. 
var. oleraceus Hgok. f. 

Amarantaceae 

0.972" 1.061 

Oct, 

Alpinia japonica Mig. 

Zingiheraceac 

1.045 1.088 


Aspidistra elatinr Bliime 

Liliaceae 

1.428—1.493 

Feb, 

Agapanthus umbellatus L'Her. 

,, 

1.181 1.313 

Apr. 

Galium trifidum L. 

Rubiaceae 

1.233 

Mar. 

Potentilla Freyniana BorNM. 

Rosaceae 

1.126—1.177 


Carex Prescott iana Boott 
var. kiotensis Kuek. 

Cyperaceae 

0.989- 1.148 

May 

Capsella Bursa-pastoris Moench. 
var. auriculata Making 

Cruci ferae 

i.oas 

Mar. 

Veronica peregrina L. 

Si'rophulariaceae 

1.126 

Fob. 

Microlepia strigosa Presl 

Polypodtaceae 

0.967—1.128 

Mar. 
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Similarly from the data of Saito and Watanahe ('i^9) we get as 


follows ; 




Spocios 

Family 

Vitamin-C 

(’olloction 

Mclilotus suavfolcna 

Leguminosac 

1 .296:i 

Aug. 

Chennpodium centroruhrum Nakai 

Polygimaccao 

1.2144 


Persicaria Pungeana Nakai 


2.8478 

M 

Persicarui nodosa (^PI7. 

,, 

1.71J8 


Persicaria lapaihifolia S, F'. (iRAV 


J.1621 


Humex rdllosus UKrillNCilH Fit 

,, 

1.1667 


PoTsicaria cochmrhinensis KrTA(;AUA 


1.3088 


Lennurus sifnrirus 1>. 

Lnhiatae 

1.1842 


Amnrantus rrtroftrxus L. 

Amarantacrae 

1 .0.699 


Ahutilon Avicrnnac GakUTNKH 

Malvaceae 

1.1 r42 


As the redox-system, according 

to Raur’s 

scheme ('32 

'37) make: 


cycle, viz., from ascorbic acid to dehydroascorbic acid and from dehvdro- 
ascorbic acid back to ascorbic acid, such a small amount of ascorbic acid 
as exists in each green plant is suflicient for photosynthesis (Hukatsch 
’39). 

The shade plants have indeed a somewhat lower content of chlorophyll 
than the sun plants per unit surface of the leaf, but higher, per fresh 
weight ' that is, th(‘ chlorophyll factor in the shade plants is therefore 
sufficient for photosynthesis (Lundf.gakdh ’22). The shade plants, how¬ 
ever, are found to assimilate CO^ in a smaller amount than the sun 
plants under natural conditions (Hiramatsu ’32). This fact may be a 
cause of the presence* of a smaller content of ascorbic acid in shade 
plants, for, in tht* sun, as long as th(‘y are in a normal condition, the 
shade plants have a higher assimilatory activity (see Hiramatsu ’32) and 
higher content of vitamin-C than in the shade (Table I, Begonia Emmsiana 
Andr.) and the sun plants have a lower content of vitamin-C in the 
dark than in the light (Table II). We shall discuss this subject further 
in the next chapter. That the shade plant seems to have relatively large 
tjuantities of dehydroascorbic acid, may have some meaning with regard 
to the necessity of both forms of a.scorbic acid in Baur’s scheme ; it is, 
however, necessary to estimate them more exactly (Oo being removed 
and ascorbic acid oxidase, inactivated) and systematically especially in the 
case of low^ vitamin-C and high ascorbic acid oxidase content, in which ^,w'e 
often meet with rapid oxidation. 

A lower vitamin-C content of succulent leaves - we have only one 
or two examples — may be explained by other factors than the light 
condition, for instance, a larger water content [Sedum lineare Thunb. 
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96^ ; Crinum asiaticum L. var. japonicum Bak. 90^^): Because most 
succulent leaves which have smaller surface area, seem, indeed, to be at 
a disadvantage in utilizing sun light, but tlK'fr internal structure com¬ 
pensates for it (ScHANDERL ’35). 

2. The effect of light on the accumulation of ascorbic acid iii leaves. 

As stated above, the shade plant in the sun, so long as it remains in 
a normal condition, has a higher content of vitamin-C than in the shade 
(Table 1, Begonia Evansiana Andr.) and the sun plant has a lower 
vitamin-C content in th(‘ dark and is restored to its original value under 
illumination (Table II). I’his provides an illustration of the effect of 


Table 11. 

Effect of Light on Accumulation of Ascorbic Acid in Leaves 
of Vida Fa ha L. f . ascendens MAKING (potted). 


Datr 

AsrorLir arid content 


Remarks 

(rolled, and exp.') 

Reduc('(i 

form 

i Oxidized 1 

1 form ! 

Total 

- IfW.'O 

Oft. .11, 

j)er fim. 

1.015 

; per fon 

O.IM 

. per f^m. 

1.129 

placed in th(' dark n>om 
at 5,20 p.m. 

Nov. 1, 2.20 p.m. 

0.H06 

0.002 

0.898 

darkn('ss 

M 2, 1.50 p.ni. 

0.817 

0.017 

0.801 

darkni'ss 

.. 1,11.00 am. 

0.725 

0.022 

0.748 

(‘xposed to th(' liRlit at 

1 .20 )>.m. 

.. 5, 10.00 a.m. 

0.918 

' 0.015 

0.922 

li^^ht 

.. 0, 10,00 a m. 

1.019 

0.019 

L.008 

HkIr 


light upon the vitamin-C synthesis. In this experiment potted horse-bean 
plants, about a month old, were used. Th(‘ vitamin-C content of their 
leaves was estimated both in thi‘ dark and under illumination. As the 
light source a Mazda lamp of 200 W. with paraboloidal chrome-plated 
reflector was used, from which light passes through a thick layer of water 
to plants at a distance of 40 cm. The extraction of vitamin-C of the 
leaves in the darkness was carried out in the darkness. 

It was generally accepted that light has a remarkable effect on the 
synthesis of tlu^ ascorbic acid during germination, though in seedlings 
grown even in darkness, the a.scorbic acid accumulates for several days 
(Heller ’28, Rubin and Stkachizky ’30 etc .). It is not yet known 
whether the loss of ascorbic acid in the darkness is a result of destruction 
or utilization or both of the substance without new formation, due to the 
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Table 

Ascorbic Acid Content of I^ves of Several Varieties of 


Lfxwilify 


Asahikawa rHokkaidd) 43° iT N. Lat. 


Sendai 

AworHic acid 
content 

Date tcolleet. 
and expJ 

Reduced 

form 

Oxidized 
form 1 

j Total j 

Remarks 

Reducedi 

form 

Oxidized 

form 

f 1939) 

Oct. 8 

fflj, per nm. 

0.966 

TTtA.p&r gm. 

0.193 

mft pfTgm 

1.159 

matured seeds in 
scattering?; plant in 
a vital state. 

mg pergm. 

0.644 

mg.pergm. 

0.515 

.. 19 

0.858 

0.,327 

1.180 

sefxls have scatter¬ 
ed; plant in a re¬ 
duced state. 

0.602 

0.339 

Nov. (i 

1 

1.040 

! O.llR 

1 

1.158 

upper stem wither¬ 
ed; plant in a re¬ 
duced state; leaves 
speckled with antho- 
cyanin. 

water content: 

69 

0.H68 

0.253 

24 

osm 

0.114 

1.090 

leaves speckled with 
unthocyanin; plant 
in withtTing 

0.563 

0.087 


Table 

Ascorbic Acid Content of Leaves of Several Varieties of Desmodium 


Lcx-nlilyj 

i 

Yoili 

(Hokkaidd) 43° 12" N. Lat. 


Sendai 

Ancorbic next 
content 

Date (cidlfx’t. 
and f'xp ) 

Reduced 
form j 

Oxidized 
form 1 

Total 

Remarks 

Reduced 

form 

Oxidized 

form 

{1939) 

Oof. 9 

0.957 

mg.per gm. 

0.368 

mg.per gm 

1.325 

seeds have fallen. 

mg.pergm, 

1.261 

mg.pergm, 

0.427 

„ 29 

0.542 

0.382 

0.924 

greater part of 
leaves have not yet 
fallen. 

0.577 

0.326 

Nov. 22 

1 






/ 

25 


I 






For tho materials used in these experiments, the authors are indebted to 
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III. 

Miscanthus sinensis Anders. ffwwn in Same Soil at Sendai. 


(Miyagi-preferture) .38" 15.5' N. Lat. 

KAti (K6ti 

-prefecture"^ 33" 33' N. Lat. 

Total 

Remarks 

Reduced 

form 

Oxidized 

form 

Total 

Remarks 

mg.prr gni. 

1.159 

in flowering. 

mg prr fwi 

0.579 

mg.per gm 

0..353 

mg.pet gm 

0.932 

about to be in the ear. 

0.941 

flowers being over; the 
ears being with feathers; 
plant in a vital .state. 

0.527 

0.379 

0.906 

iH'ginning to flower; 
plant in a vital state. 

1.121 

seeds in scattering; plant 
in a vital state, 
water content: 66.8f^. 

0.818 

0.247 

1.065 

in flowering; plant in a 
vital state. 

water content: 67.5, 

0.650 

leaves speekled with 
anthocyanin; ])lant in 
withering. 

1.301 

1 

0.310 

1 

1 1 

1.611 

flowers being over; 
plant in a vital .state. 


IV. 

racemosum DC. grown in Botanical Garden of Biological Institute. 


(Miyagi-prefecture) 38" 15.5'N. T.at. 1 Misaki .'Kaiiagawa*pr( frctme) 35’ 08' N. Lat. 


Total 

Remarks 

Red need 1 Oxidized 

form ! form 

1 

Total 

Remarks 

mg.pergm. 

1.688 

seeds on the point of 
falling; yellowish lint 
of leaves being deeper 
than in that from Yoiti. 

rng per gm 

0.642 

nifl prr grn. 

0.493 

mg ;>cr gin. 

1.135 

plant being larger; in 
flowering; 

0.902 

leaves begin to fall; 
leaves as green as po.s- 
sible were used for 
analysis. 

o 

o 

0.139 

0.909 

flowers being almost 
over; plant in a vital 
state. 

1 



0.422 

0.141 

0.563 

leaves being of yellowish 
tint and on the point of 
falling; greater part of 
seeds have not yet fal¬ 
len. 



0.402 

; 0.161 

1 

0.563 

leave.s being of yellowish 
tint and on the point of 
falling. 


Dr. Y. Nakajima of the Biologicuil Institute. 
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influence of light on the activity of the chloroplasts. It seems, however, 
certain that a given concentration of ascorbic acid in grown-up leaves 
corresponds, within the physiological limit, to a given intensity of light; 
that is, when th(‘ intensity of light increases up to a certain value, the 
concentration of ascorbic acid increases and a new equilibrium is attained. 
This was the case in young plants (Sugawara ’39, Reid ’38). Some of 
the ascorbic acid synthesized in the loaves of seedlings in light is trans¬ 
ported to olh(T organs, and some of the carbohydrates synthesized by 
the Ieav(*s are transported there and are converted into ascorbic acid ; 
the ascorbic acid accumulates rapidly during the period of the expansion 
of the leaf, and when full size is attained there usually is no further 
increase apparent unless the light or nutritive conditions of the plants 
are changed. It is possible that they, however, continue the synth(‘sis 
and translocate or in some way utilize th(‘ excess (Reid ’38). 

3. Variety study. 

Variety is considered to be a factor of considerable importance in 
determining th(' ascorbic acid of vegetables, fruits etc. (Tkesslek, Mack 
and Kin(; ’36). 

A general resume of our preliminary studies is presented in Tables 111 
and IV. From th(‘se data it is seen that (1) th(Te was not much difference 
in the ascorbic acid content of varieties of Miscanthus sinensis AndkRvS. 
and a little difference in tlu' case of varieties of Desmodium racemosum 
DC. at tlie active stages of maturity, at which these plants were examined 
and (2) in reduced state of leaves ascorbic acids decreased. 

As these variety are those which had adapted themselves to different 
climates, tin' plants could not, of couse, be compared with (^ach oth(T at 
the same stage of maturity at the same time. 

4, The vitamin-C content of marine algae. 

The vitamin-C content of marine algae has been determined by many 
authors (Norris, Simeon and Williams ’37, Lundk and Lie ’38 etc. see 
also Kincj ’39). According to Norris et al. (’37) the marine algae at 
the coast have, generally, a higher vitamin-(’ content than those at the 
sea-bottom, which fact may be to a certain extent due to the difference 
of the light intensity at their habitats as in the case of hei baceous plants. 

The present materials are limited to the habitats of the coastal zone 
near th(‘ Marine Biological Station, Asamushi at which this experiment was 
carried out during November 1939. Extraction and analysis were made 
similarly except that the materials were not washed with distilled water 
but with filtered sea-water. 
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The results are summarized in Table V. 

Table V. 

Vitamin-C Cojitent of Marine Algae. 


I I A- • /- 

! Dut(' I vilHmin-C content 


MatoriaP 

Class 

i rolloft. 
ajid OX]). 

ItcrlucoJlOxidizod 
form 1 form 

Total 




TnK-pf‘f VW 

mfT per fcm . 

mg. prr gni 

Chnndrm crassicaulis Hauv. (old) 

Rhodophycenc 

Nov. If) 

0. 17d 

0.061 

0.534 

younp' 



O.PJl 


0.191 

IJypnea scticulosa J. Ajj;. 

,, 

.. 

0.09H 

0.107 

0.205 

Hhndomela Larix ('tcHN.' C. A^^ 

,, 

.. 17 



0.046 

Coccoj)horn Laitffsdorfii (dd uN.) Guja'. 
(in its Isl yoar; 

Phacophyceae 

.. Id 

0.78d 

0.1.30 

0.939 

Citccophora Lart^sdorfii ^'rcuN.'' (jRIA. 



0.704 

0.078 

0.777 

(in its 2nd yoar^ 




Chorda Ftlum L.) Lamocr. 


.. 14 

0.980 


0.980 

Sarfiossum iorttlc C, A^. 


.. 17 

1.879 

1 

1.488 

3.317 

Enteromorpha comprt'ssa (L.) GiiU'A . 

('/ilorop/iyci’ap 

.. M 

O.lOf) 

0.100 

0.256 

Viva pertusa KJcrfM. 



0.250 

0.154 

0.410 

Chaptomorpha moniligerd 


,, 1(*> 

i 0.291 

0.103 

0.397 


■Authors are gralrful (o Drs. M. I'AKAMAl'se and K. Am, foi- the idfuitilicalion. 


SUMMAKY 

1 . I’he vitamin-C content of wild herl)acGOus plants was estimated. 

2. Generally, those of high vitamin-C eont(mt ht'long to the sun 
plant and those of low contimt to th(‘ shade plant. This fact seems to 
be correlated with assimilatory activity in th(^ sense of IHAiads scheme. 

3 . The greater parts of vitamin-!' of herbaceous plants are found in 
reduced form. 

4 . The relatively higher content of oxidized form in tin* shade plant 
than in the sun plant may have some meaning in photosynth(isis. A 
further exact analysis, however, is necessary. 

5. The ascorbic acid decreases in darkness and is restored in light. 
The shade plant in the sun contains a higher vitamin-C than in the shade, 
within the linyt of its survival. That is, the vitamin-C content of the 
leaves is due to the intensity of light 

6 . The vitamin-C content of leaves of varieties of Miscanthus sinensis 
Andeus. and Desmodium racemosum DC., which had been adapted to 









118 


T. KOIZUMI AND T. KAKUKAWA 


different climates was estimated. In the varieties of the former, there 
was not much difference and in the latter, a little. 

7. The vitamin-C content of marine algae was determined. 
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STUDIES OF CLEAVAGE 1. CHANGES IN SURFACE AREA OF 
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It is a well known fact that the jtosition of the polarity axis of the 
egg of the sea urchin is determined prior to th(^ fertilization. As to the 
mechanism of this fact the author has developed the conception that in 
the cortical cytoplasm there exists a structure necessary for th(' determi¬ 
nation (Motomura ’dd, ’d5, ’d(i). The hypoth(‘sis given here is sub¬ 
stantiated by th(* following facts; 1) th(^ cortical cytoplasm is so tough 
in contrast with the endoplasm that thc^ former is not easily displaced 
by (‘cntrifugal force ; 2) th(‘ cortical cytoplasm is not carried inside the 
embryo by the protoplasmic flow in the course of the normal cleavage ; 
d) th(' cell wall between the blastomeres of th(‘ normal egg is newly 
produced. Those facts, which were confirmed by the prt‘sent author 
from observations on th(' behavior of the cortical cytoplasm of the egg 
of Strongylocentrotus pulcherrimus, contradict either th(' surface tension 
theory of cleavage adv(x:ated by Si‘Kk (’18) or th(' thi^ories which attribute 
cleavage to the mechanical pressure exerted by the hyaline layer or by 
the growing aster. 

Recently ScHECtfPMAN (’d7) found th(^ local extension of the cortical 
layer of the furrow region in the cleaving egg of amphibia. According 
to him the cleavage plane of the amphibian egg must be a part of the 
old cortical cytoplasm. In the sea urchin egg, K. Dan, J. (\ Dan and 
T. Yanagita (’d8) concluded from observations on the movement of the 
surface of the cleaving egg that a new formation of surface takes place 
in the furrow region after cleavage has been completed, and further that 
the contact area between the blastomeres in normal eggs is composed of 
this newly formed surface. Now, the problem whether the cleavage 
plane is covered by the extension of the old cell surface or by a newly 

* Contribution from th^ Marine Biological Station, Asamushi, Aomori-Ken, No. 16>6. 

121 



122 


I. MOTOMUKA 


formed one must be an important one with respect to a theory of‘ 
determination. In this paper, the results of observation on the cleavage 
of a sea urchin will be reported. 

MATERIAL AND METHODS 

The material used was the egg of a sea urchin, Temnopleurtis hard- 
tvickii, at Asamusi. The fertilization membrane was removed by shaking 
the eggs in a test tube with sea water three minutes after fertilization. 
The eggs woni then put into kaolin suspension in sea water and, after 
repeated washing, they were enclosed in a depression slide. Observation 
of the behavior of marks of the kaolin particles adhearing to the surface 
of the egg was carried out from the beginning of the first cleavage till 
the appearance of th(' second cleavage furrow. 

In order to know the relative amount of extension and contraction of 
the cortical cytoplasm, the surface areas of different regions of the eggs 
were measured. Assuming the geometrical form of the cleaving egg to 
be a revolution of the largest optical section in the side view of the egg, 
and th(^ cleavage axis to be the revolution axis, the surface area was 
graphically measured in approximation as a summation of many sections 
of cones having a common revolution axis. Practically, measurements 
were carried out as follows (Fig. 1). 


rn 



Fig. 1, Schematic representation of the method of measurement of the 
surface area of the egg in the first cleavage, a; revolution axis or cleavage 
axis, c; section of a cone, cp; cleavage plane, h; hyaline membrane, 
m; kaolin particle, r; radius of cone, s; lateral side 5mm length. 

When the bipolar spindle of the first cleavage appeared, the egg 
with its cleavage axis parallel to the microscopic field was sketched with 
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camera lucida at a magnification of 500 times. The position of the 
kaolin particles was also noted. The drawing was repeatedly continued 
every minute till the appearance of the second cleavage. The revolution 
axis was determined on the drawing by connecting the middle points of 
the respective diameters of the two hlastomeres. The circumference of 
the drawing was scaled every 5 mm in straight distance beginning from 
th(‘ pole to the equator of the cleaving egg. By connecting these points 
the largest optical section of the egg is inscribed by a polygon, which 
has sides 5 mm length. The surface area of a revolution of this polygon 
arround the cleavage axis is calculated with the ecjuation 

ar(^a ~ 2>T(r,s, 4- r,S2 I ThSh . 4- rnSn) 

where r is the length of the perpendicular line from the middle point of 
the lateral side of a trapezoid AHCD, which is one of the sections of 
the polygon, to the revolution axis. And since, as mentioned above, the 
sides of the tra^^ezoids are ecjually 5 mm in length, ex(‘ef)t the last one, 
th(* equation is modified to 

area --- 2 >ts2V 4- 2^s,,rn. 

wh(T(‘ the last term is the lateral surface area of the last cone. 

1'he surface area of the revolution of the inscribing polygon must be 
smaller than that of th(‘ original revolution. In the present authors cases 
the shortage came to 5 'per cent. But this is not a great obstacle to 
determining the relative amount of the chronological changes, because 
the shortage is nearly equall in all cases providing the same method and 
magnification are employed. The probable error of measurement, which 
was caused mainly by the inexactness of th(' drawings, was less than 4 
per cent. 


OBSERVATIONS 

1. Cases marked on the polar region. 

In cases when marks of the kaolin particles were attatched to the 
polar region of the egg, the area of the distal portion, which was less 
than 37 per cent of the half of the total surface area of the uncleaved 
egg, increased at the beginning of the cleavage, proceeded to a maximum, 
and then decreased gradually. The changes of the distal and the cor¬ 
responding proximal areas in the course of the cleavage are given in 
Fig. 2. The expected value of the increase of the surface area must be 
about 26 per cent; that is, in total, 126 per cent of the initial area, 
assuming that the surface material of the uncleaved spherical egg covers 
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the total surface of the spherical blastomeres at the two cell stage with¬ 
out adding any new material to the cell surface. The observed value of 
the maximum of the distal portion exceeded this value and, on the other 
hand, the final value of this portion was always smaller than th(^ expected 
value. On the contrary, the form of curves of the surface areas of the 


33 6 ; 



Fig, 2. Changes of the surface area of regions of the eggs in the first 
cleavage. Cases marked on the polar region, showing the initial extension 
and later contraction of the d'stal portions (D) and the increase of the 
proximal area (P) in the later half of the cleavage. Position of the kaolin 
particle is represented by ratio of areas of the distal and proximal portions 
in percentage of a half of the total surface area of the egg before cleavage. 
The areas of the portions at the beginning were taken as 1(K). Points more 
(ban 100 in the ordinates indicate increase. Abcissae, time in minutes, 
t Appearance of the second cleavage furrow. 



STUDIES OF CLEAVAGE I 


125 


corresponding proximal portions showed a slow increase at the start, and 
after one fourth of the cleavage time had elapsed, it showed a sudden 
increase, and then passed into a stationary state, in which the areas of 
the proximal portions wen‘ more than 126 per cent of the initial areas. 

The results showed the sam(‘ tendency in all observed cases. In 
company with the advance of the cleavage furrow, the increase of the 
surface area appeared at first at the distal region of the egg, and after 
the cleavage furrow had apparently been completed, the distal region 
contracted slowly, and the expansion of the proximal region began. 

2. Cases having ncary equal area of the distal and proximal portions. 
Two examples of thes(^ cases are given in Fig. 3. They showed the 
same tendency in regard to changes of the area as in the above mentioned 



Fig. 3. (lianges of the .surfacr ureas of proximal and distal 
regions of nearly f'qual initial size in the <-oui'se of the first cleavage. 

Distal regions extended at the start and then contracted. Areas of 
the corresponding proximal regions increase* in the? later half ovm 
the expected value, 126 per rent. 

cases. The area of the distal portion increased at the start of the cleavage 
and decreased after the completion of the cleavage furrow. The value of 
the contraction stage was less than 126 per cent of the initial area. 

The proximal portion showed only a slight change at the start, and 
then suddenly extended over 126 per cent of the initial area, and in the 
later half "of the cleavage time it became stationary. 

The increase and decrease of the proximal and distal portions of 
these cases were delayed in comparison with the first cases. As a result. 
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the curves of the proximal and distal areas crossed at the middle of the 
total cleavage time. 

3, Cases marked on the furrow region. 

Three examples, No. 8, No. 9 and No. H), in which the kaolin marks 
were put on the furrow region are described here (Figs, f and 5). The 
areas of the distal portions were 89, 74 and 96 per cent respectively. 
In those cas(‘s, the form of the curves of the distal portions looked like 
that of the total area, in which only a slight increase was visible at the 
start. After half of the cleavage time had elapsed, the area decreased 
gradually and nearly reached the initial amount. 

The proximal portion showed, on the other hand, a very remarkable 
increase, which began after the constriction of the furrow was completed 
and reached a maximum when two thirds of the total cleavage time had 
passed. In (example No. 10, the amount of increase reached 700 per cent 




Fjg. 4. Changes of the surface areas of regions of the cells 
marked on tho furrow region in the course of the first cleavage. 
Increase of the proximal area is remarkable in comparison with 
that of the distal area. 
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Fi/^. 5. ( of tlio surface areas of regions of tlu' cells 

marked on (he furrow r<‘^j;ion in coursf' of the first cl(‘avai^v^ 

Notice tliat the increase of the proximal an'a was nunarkablo while 
the distal area remained nearly constant. 

of the initial area. In other words, a small proximal portion, which was 
4 per cent of half the total area of the uncl(‘aved egg, increased to seven 
times, that is, 28 per cent. And the real increase amounts to 28 — 4^-21 
per cent. This fact shows that most of the increase of the surface* area 
in the last half of the cleavage time span is borne by the furrow region. 

DISCUSSION 

The results of measurement of the surface area of different regions 
of the egg of a sea urchin at the cleavage stage suggest many remarkable 
facts. In the first place, three periods are distinguishable in the time 
from the first appearance of the first cleavage furrow to the beginning 
of the second cleavage furrow. The first one third of that time is the 
constriction period, during which the cleavage furrow is apparently com¬ 
pleted, forming a delicate protoplasmic bridge between two blastomeres. 
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In this period the extension of the surface of the is remarkable, 

especially at the pole. The second period, which is the second one third 
of the time, is characterized both by the contraction of the distal region 
and by the increase of th(‘ proximal area. Fhe contraction of the distal 
region is so remarkable that in some cases the area of the distal portion 
is reduced to the intial area. The increase of area in the proximal region 
is greatest in the furrow region. In the last one third, the third period, 
the form of the curve is rather stationary. In this time the second 
cleavage is prepared. 

Dan and others {'37 and ’38) confirmed, from the measurement of 
changes of the arc length of optical sections of a sea urchin’s egg in 
normal cleavage, that the maximum value of the curves become increasingly 
greater in the order, })olar region, subpolar region, subfurrow region, and 
furrow region, and that the attainment of the maximum is delayed in the 
same order. It is very remarkable fact that the present author’s results 
agree with theirs in many points, irrespective of the fact that the arc 
length is not proportionate to the surface area. The extension of the 
polar region at the beginning was pointed out by Dan. As mentioned 
above, the amount of extension exceeded the expected value. This fact 
shows that the extension of the polar region is not proportional to the 
increase of the total surface area but, on the other hand, that it is 
superior to the other regions of the egg. Next, the contraction of the 
polar region appears. As the result of the contraction the area of the 
distal portion again approach{,\'^ the initial area. And the last phenomenon 
is always accompanied by a vigorous increase of area at the furrow region, 
by which the contraction of (he distal portion is cancelled. It must be 
a most remarkable fact that, in the later periods of cleavage, the increase 
of the surface area is re.slricted only to a very limited furrow region. 

In the egg of Strongylocentrotus pulcherrimus, orange red pigment 
granules are distributed in the cortical cytoplasm. In 193S the present 
author pointed out that the cytoplasm at the cleavage planes does not 
contain the pigment granules (Motomura ’35, ’36). This suggests the 
new formation of the cleavage plane. The possibilities of the new for¬ 
mation of the cleavage plane were enumerated by the present author 
from an embryological view-point, and some of them were supported 
recently by DaN and others. From the above mentioned facts the present 
author is inclined to believe that the new formation of the cleavage plane 
begins at the second period of the cleavage. 

Recently Schechtman (’37) obtained very interesting results on the 
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mechanism of cleavage in an amphibian egg by means of the local vital 
staining method. According to him, the cleavage plane of this form is 
covered by extension of the material of the cortical cytoplasm of the 
furrow region. The result seems to different from that in the case of a 
sea urchin, Strongylocentrotus pulchcrrimtiSy which has a natural color 
mark in the cortical cytoplasm of the egg. This subject must be settled 
in the future. 

In the present study, the method of kaolin marking, which was first 
applied by Dan, Yana(.ita and Sugiyama, was used. The results men¬ 
tioned above are only relial)le when the hyaline membrane exactly follows 
the behavior of the cortical cytoplasm. As was discussed by Dan and 
others (’37, ’38), the slipping between the hyaline membrane and the 
plasma membrane is not possible in the sea urchin egg. A decisive 
answer in regard to this point may be obtained by making the marks 
simultaneously on the hyaline and plasma membranes. 

SUMMARY 

Changes in surface area of different regions of the eggs of a sea urchin, 
Temnopletirus hardwickiiy in the course of the first cleavage were studied. 
The position 'of kaolin marks attatched to the hyaline membrane of the 
egg was traced every minute by camera lucida drawings. And the areas 
of the proximal and distal portions of the egg which were divided by 
the kaolin mark were measured graphically. 

From the changes of the surface areas, three periods are distinguishable 
in the time of the first cleavage, which is from the first appearance of 
the first cleavage furrow till the beginning of the second cleavage furrow. 
In the first or constriction period, the apparent completion of the cleavage 
furrow and the extension of the jKdar region were observed. In the 
second period the contraction of the polar region and the increase of 
the area of the furrow region occur. In the final period the surface 
remains stationary till the beginning of the second cleavage furrow. 
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The present paper deals with the calcareous sponges which were 
collected by the Zoological Institute and Museum of Hamburg. They 
were sent to the present writer to examine by the courtesy of Dr. Thiel 
of the same Institute and Museum. 

The sponges were secured from various widely distributed localities, 
such as Mexico, Naples, Messina, Scilly, Haiti Island, Seychell Island in 
Indian Ocean, Portugal, Japan and the Southern end of South America 
in the neighbourhood of the Magellan Straits. 

In the first part of the report the writer has treated all the specimens 
from the above localities except those from the Southern end of South 
America in the neighbourhood of the Magellan Straits. These will be 
reported upon in the second part of this paper in the near furture. 

The number of species here reported on is 14 in all, and they belong 
to 8 genera and 5 families. 

Of these 14 species, 8 are those previously known and the remaining 
6 are new to science. 

The following is the list of species. 

Family Homocoelidae 

1) Leucosolenia complicata (Montagu) 

2) Leucosolenia canariensis (Michlucho-Maclay) 

Family Leucaltidae 

3) Leucaltis clathria Hapckei. 

Family Sycettidae 

4) Sycon mexico, n. sp. 

5) Sycon eoronatum (Elus et Solander) 
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Family HettTopiidae 

6) Vosrnoeropsis japonica Hozavva 

7) Vosmaeropsis simpleXy n. sp. 

8) Vosmaeropsis leviSy n. sp. 

9) Vosmaeropsis triradiata, n. sp. 

10) Amphiute paiilini HaNITSCH 

Family Firantiidae 

11) Grantia inexico, n. sp. 

12) Anaximilla irregularis Buhton 

13) Leucandra purnila Howkkhank 

14) Ij^.ucandra seychellensis, n. sp. 

Family Homocoelidae Dendy 
G enus LEUCOSOLENiA BovvERBANK 
1) Leucosolenia complicata (Montagu) 

PI. VI, Fiff. 1; tcxllig. 1' 

Spongia complicata. Montagu, p, 97, PI. IX, figs. 2, 3. 

Grantia hntryoidcs. Likhf.kkI’ihn, 1859. [). 373. 

Olynthus hispidus, HaF-( KKi., 1870, p. 237. 

Leucosolenia complicata^ MincUIN, 1905, pp. 360-373, tpxtfigs. 91 93; Dfndv and Row, 
1913, p. 721. 

This species is represented by a unique specimen (Spec. No. S. 1232) 
in the collection. 

The sponge-colony forms an irregular mass, composed of a loose net¬ 
work of branching and anastomosing Ascon-tubes. Some of these branches 
are provided with oscula at their apex, while some others terminate quite 
blindly. The oscula mentioned above are naked and are circular in out¬ 
line with a diameter up to 0,5 mm. The diameter of the cylindrical 
Ascon-tubes varies in diffrent parts of the colony, measuring from 0.3 to 
0.8 mm. The outer surface of the Ascon-tubes appeares distinctly hispid 
to the naked eye, and the gastral surface also appears hispid under the 
microscope. 

The colour in alcohol is white, llie texture is fairly elastic. 

Structure: — The skeleton of the Ascon-tubes consists of triradiates, 
quadriradiates and oxea. The former two kinds of spicules are arranged 
in a thin layer, being placed close together vvith rays overlapping. The 
quadriradiates are more numerous than the triradiates and their apical 
rays project into gastral cavity. There exist two kinds of oxea. The 
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oxea project more or less from the outer surface of the tubes at 
varying angles and give a hispid appearance to the latter. Their inncT 
ends also often project into the gaslral cavity. 1"he small and slender 
oxea also project here and therc^ from the outer surface of the Ascon-tubes. 

Spicules (textfig. I):—IViradiates slightly sagittal (a). All rays are 
equally thick and sharply pointed. Basal i-ay quite straight, mostly longer 
than the paired rays or at least equal to them in length, about 100/^ 
long and about 8 n thick at the base. Paired rays show a double curvature, 
proximally they slope backwards and distally they curve forwards, 80 
100/^ long and about 8/^ thick at the base. 

(^uadriradiates (b) similar to the triradiates, except in the presence of 
apical ray. Apical ray distinctly shorter and slightly thinner than facial 
rays, being slightly curved upward, broadest at base and narrowing distally 
to terminate in a sharp point, 30-50// long and al)out \ ff thick at the 
base. 

Large oxea (c) slightly curved and art" of a more or l("ss irn^gular 
outline, proximally tapering to a sharp point, distally terminating with a 
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lance*head which is provided with sharp or obtuse apex, l()0‘~220// long 
and about 10 ft thick at the thickest part. 

Small and slender oxea (d) straight, thickest close to the proximal 
end, where it tapers rapidly to a point. F'rom the region of greatest 
thickness the shaft taper gradually to the very sharp distal extremity, 
btV-80 ft long and about 3 ft at the thickest part. 

Localities: Roskoff, Atlantic Coast of France (MiNchin) ; Scilly. 

Remarks: !.eticosoleiiia cjrmplicatn is a species first despribed by 

M(>NTA(;r and recorded since by several investigators. 

In 1905 Minchin contributed an article entitled “ Characters and 
Synonymy of the British Species of the Genus Ijmcosolenia In that paper 
he dealt also with the species now described and he fully discussed the 
external characters, the nature of the spiculation, etc. The writer has 
identified the sponge which was taken from the Scilly Islands with the 
present species now described. The external and internal feature's of th(‘ 
specimen seem to agree very well with the descriptions and figures made 
of this species by previous writers. 

2) Leucosolenia canariensis (MiCHf.ucHO-MACLAY) 

(V\. VI, Fi^^ 2; textfiR. 2' 

Nardoa conarivnns^ MirHLiH ho-Ma('I.av, 1R68, p. 230. 

Nardoa .nulphurea, Michi.ucho-Maclay, 1868, p. 230. 

Nardoa ruhra, Michllu'ho MA('i.a\, 3868, p. 230. 

Tovroma canariensc. Hak( kkl, 1870. p. 24't, 

Tarroma rubrum, Hakc khl, 1870, p. 245. 

Ascaltis canarirnsisy Haeikei.. 1872, p. 62, pi. 9, 13; pi. 10, fi^s. 1, a r. 

Ascaltis compacta, Schuf.ffner, 1877, p. 404, pi. 25, fig. 9. 

Leucosolenia jiansem, Hueitfldss, 1896, p. 427; 1898, p. 106, pi. 12, figs. 1 9. 

Letn:asolema canariensis^ Lakschewitsch, 1886, p. 300, pi. 7, fig. 1; Thackf.R, 1908, p, 
762, pi. 4t), fig. 3, textfigs. 157-160; Denpy and How, 1913, p. 724; Hozawa, 
1918, p. 528: 1933, p. 2. PI. L fig. 1. 

The collection contains seven specimens of this species, all growing 
attached to the same foreign body. 

They differ considerably from each other in size ranging from 2 mm. 
to 15 mm. in diameter. They differ also in shape varying from a more 
oi- less oval body to lobular masses of irregular shape. From the lower 
surface of the sponge arise a few short root-like processes which serve 
to attach the sponge body to the foreign body. 

The sponge consists of a network of branching and anastomosing Ascon- 
tubes leaving pseudopores on the outer surface. The pseudopores vary 
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in size up to about 0.6 mm. in diameter and are mostly of oval or elonfs;at(^ 
oval shape. The Ascomtubes average 0.2-'0.3 mm. in diameter. No oscula 
could be distinguished on the sponge surface. 

The colour of the sponge is brownish white. In texture it is soft, 
but fairly tough and not very easily torn. 

Skeleton : The skeleton consists of triradiates and quadriradiates. 
The triradiates are arranged in an irregular and almost in a single layer 
in the walls of the Ascon-tubes. The quadriradiates are relatively few 
but easily discoverable. They occur here and there among the triradiates 
above mentioned wdth their apical rays projecting into the gastral cavity. 

Spicules (textfig. 2) : 'Friradiates (a) regular. Rays conical gradually 
sharp*i>ointed, measuring about 80// in length and about 6/^ in thickness. 

Quadriradiates (b) about the same size and shape as triradiates, but 
with an apical ray projecting at right angles from the centre. It is quite 
straight and is nearly as long and thick as facial rays. 

Previously known Distribution : —- Canary Islands (Michluuho-Maclay); 
Cape Verde Islands (Thacker) ; Mauritus (Schnuffner) : Minorca (Lack- 
schewitsch) ; Spitz.bergen, Arctic Ocean (Breitfuss) ; Off the north t>oint 
of Copper, Island, Commander 
Islands: Off Yuriage, Rikuzen, 

Japan (Hozavva). 

locality: — Mexico. 

Remarks: As the writer 

stated in a previous report (1983) 
the present species .seems to be 
widely distributed all over the 
world, and may thus be considered 
to be cosmopolitan. 

In 1908 Thacker gave a full 
account discussing the morpho¬ 
logical features, the synonymy 
and the affinities of this species. 

In that account he has mentioned 
that there is not much variation 
in the size of the spicules in the 
same Individual, but much dif¬ 
ference between the spicules of different specimens. The writer was also 
able to notice the same fact in the cases of the three specimens from 
Copper Wand, Japan and Mexico respectively. 



TcxtfiK- 2. Lt'ucnsolenia canarie.nsis 
' Mk hiaicho-Mai lay ,'. a, Iriradiales of 
Ascon-tuln'; h, quadriradiates of the same 

all X 200 \ 
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The first two specimens have already been dealt with by the writer 
in his ()revious papers. In the present specimen from Mexico the spicules 
are much smaller and slender than those of the first two and are distributed 
more sparsely. 

Family Leucaltidae Dkndv and Row 
Genus LEUCALTIS Haeckel 
3) Leucaltis clathria Haeckel 
PI. \ l Ei^^ :e 

Lfucnltis rfat/inn, Hakckkl, p. 159 ICl, "I'af. 2H, ligs. 5 a 5 i ; Di NHV, 1915. p. 15. 

pi. 2, 1,2; Okndy and Row, 1915, p. 758. 

IicteTop<'gma nodus ^ordii, l^oLLJAKpr, 1885, pj). 45-15 pi. 1, 7, pi IV, li^H la Id; 

VON Ekndk.n'Fki.d, 1885, p. 1107 1109; I>KNnY. 1892. p. 115; 1895, p, 201, 
pl. 15, 20; 1905, p. 250; Hanit.s( h, 1895, p. 209; .Iknkin, 1908, [) 155, 

tt'xUiK 105. 

Lt'ucaltis bailiylnn var. mascarenica. ItlDLKY, 1881, 

Ctathrina laVtuhalata, Caktkk, 1885, p. 515-515. 

Hotrrttpe^uii Idtituindala, Okndy, 1892, p. 111. 

In th(‘ collection ther(‘ are several specimens of this s[)(*cies contained 
in the same l)otll(\ Fhey are unfortunately broken into pieces and thus 
it is impossil)l(‘ to know their original external shape. IRit judging from 
the fact that in the bottle some Madreporarian ('oral is found to which 
some spongf! fragments are attached, it may bf* easily recognizabk' that 
the sponge had grown attached to these corals and that it had consisted 
of an irn'gular mass of l)ranching and anastomosing tubes. 

In most cas(\s th(‘ tubes are strongly laterally compressed and are 
provided with man> small circular oscula distributed at int(*rvals. The 
diametei' of the tubes measures from 2 rnm. to H mm. and the thickness 
of the wall is about O.b mm. 

With respect to the minor structure it has been fully recorded by 
previous investigators such as IIaeckee, Fole.jaeff, Jenkln, Dendy, etc, 
and therefore' it may be conceded that no further details are needed here. 

Previously known Distribution: Coast of Florida (Haeckel): Off 
Bermudas (Poi.fjaeff) ; Cape York, Torres Straits (Polriaeff) ; near 
rV)rt Phillip Heads (('art]:r, Dendy) ; ('eylon (Dendy) ; West Coast of 
I'ortugal (Hanitsch) ; Amirante Croup, Seychelles (Ridley, Dendy) ; 
Wasin 1C Africa (Jenkin) ; Cargodas Carajos (Dendy) ; Fgmont Reef 
(Dendy). 

Locality: Seychelles Islands, Indian Ocean. 

Remarks: This species was first described by Haeckel in 1872, 
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the specimen being obtained on the coast of Florida. 

In 1913, Dendy identified his specimens from Cargodos Carajos, 
Amirantes, and the Egmont Reef with this species. 

In the same report he has discussed that Ueteropegnia nodus pordii 
which was first named by Polkjaeff in 1883 and afterwards recorded by 
Lendenfeld (1885), Dendy (1892, 1893, 1905), Hanitsch (1895), Jenkin 
(1908) is synonymous with the present species. 

That both of Leucalks bathyhia var. mascarenica Ridley and Clathrina 
Intihdmlata (^art1':k are synonymous is also mentioned in his same report, 

Ridley rei)orted this species as having been found in the Seychelle 
Islands in the Indian Ocean and this is the second case of the sp(*cies 
being recorded as having b('('n found in that locality. 

Family Sycettidae Dendy 
Genus SYCON Rlsso 
1) Sycon mexico, n. sp. 

PI. VI, EiK. 4; texttiK. -T 

There is a single specimen (Spec. No. 1752) of this new species in 
the collection. It has the form of an elongate sac with an oval osculum 
at the upper end which is surrounded by a well-developed collar. The 
total length of the body is 12 mm. including the oscular collar of about 
1.2 mm. high and the breadth is about 5 mm. The sponge w^all is about 
1 mm. thick in the lower parts of the body and becomes gradually thinner 
nearer the osculum. The outer surface of the sponge is of a decided 
hairly appearance on account of the presence of projecting tufts of long 
oxea at the distal ends of flagellated chambers. The gastral surface, 
when observed under the microscope, is strongly' hispid from the long 
apical rays of gastral quadriradiates. The colour in alcohol is greyisch 
white and the texture is rather soft. 

Structure: The canal system is typical. The flagellated chambers 

are straight and not branching. They touch each other with cill of their 
length and have small projecting distal ends crowned hy tufts of long 
oxea. The interspaces distributed among the distal ends of flagellated 
chambers looks to form a thin dermal cortex showing the transition from 
the Sycettidae to the Grantiidae. The tubar skeleton is composed of the 
basal rays of subgastral quadriradiates and of triradiates arranged in 
several layers. A few of these radiates appear to furnisched with the 
apical ray projecting into the flagellated chamber. The basal rays of the 
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outermost triradiates which project with the oxea and form the distal tufts. 
The gastral skeleton is formed of the paired rays of subgastral quadriradiates 
and of gastral quadriradiates which are tangentially placed with their long 
apical rays projecting into the gastral cavity. The apical rays of subgastral 
quadriradiates are turned towards the exhalant canal, so that when looked 
from the gastral surface they appear to form a protection to the apopyle. 
The skeleton of oscular collar is a close interlacement of triradiates and 
quadriradiates, both of which have strongly divergent paired rays and 
downwardly directed basal ray. There exist in addition some oxea, the 
slender and the thicker, in longitudinal disposition. 

Spicules (textfig. 3) : - Tubar triradiates (a) with slender rays of nearly 

equal thickness, not lying in the same plane. The oral angles are variable, 
being somewhat wider in the spicules found in the inner parts of the 
sponge wall than those in the periphery. Basal ray straight not strongly 
differentiated in length from paired rays, but slightly thinner than the 
latter, 100-235/< long and 8-10/^ thick at the base. Paired rays ecjual 
or subequal, rather widely divergent, 78'd8()/^ long and 8-10/^ thick at 
the base. 

Tubar puadriradiates (b) almost similar to the tubar triradiates but 
with an apical ray which is distinctly shorter than facial rays. Apical ray 
is 62-94 long and 8-TO /i thick at the base. 

Triradiates forming the dermal skeleton (c) smaller emd thinner than 
tubar triradiates. Rays nearly straight not strongly differentiated and are 
of equal thickness. Basal ray, 78-112/^ long and 6-8thick at the base. 
Paired rays widely divergent, 90"123/^ long and 6-8// thick at the base. 

Subgastral quadriradiates (d) sagittal, slender-rayed. Paired rays and 
apical ray lie in one plane and the basal ray stands at right angle (o that 
plane. Basal ray longer and slightly thinner than paired rays, straight 
in facial view, but slightly curved at base when observed laterally, 168- 
224/^ long and about 6// thick at the base. Paired rays slightly longer 
than apical ray, very widely divergent, 125-156// long and 8// thick at 
the base. Apical ray sharply pointed 78-95 // long and about 6 // thick 
at the base. 

Gastral quadriradiates (e) sagittal. Kays straight in facial view. Basal 
ray slightly longer than paired rays, 112-200// long and 10-12// thick 
at the base. Paired rays 95-63// long and 10-12// thick at the base. 

Large oxea at the distal end of flagellated chamber (f) nearly straight 
and uniformly thick in the greater part of their length but tapering at 
both sharply pointed ends, 430/>~l.l mm long and 10-18// thick in the 
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middle. 

Linear spicules at the distal end of flagellated chamber sharply pointed 
at both ends and are variable in both length and thickness. 

Triradiates of oscular collar strongly sagittal. 

Quardriradiates of oscular collar nearly same as the triradiates of the 
same except for the presence of apical ray. 

Locality : — Mexico. 

Remarks : 1'his .species .seems to b(‘ (]uite distinct from any of the 

hitherto known species. 

It is remarkable for the presence of subgastral (juadriradiates as well 
as of a feebly dtweloped dermal cortex which is provided with its proper 
skeleton. Other members of the genus such as Sycon stauriferum (PREI- 
witsch)' , Sycon austrole (Jknkin)“ , Sycon setosvm (). Schmidt'’ , Sycon 
yatstii Hozawa' , Sycon digitiformis Hozawa have also the subgastral 
(juadriradiates, but they have no dermal cortex. 

b) Sycon coronatum (Ellis and Solandkr) 

PI. VI. Fig. 5; lextfig. 4 

Sfxmf^n cfrTonata, Ei,i,is <in<l SoLANUKlt, 1786, p. 1V)0, 4’al), r)8. 6gs. 8, 9, 

SycaTulra coronala, Haiu kkc, 187i^, p. 301, 'Laf. 51, I’lg. 2a-t: Taf. 60, f)gs. 1-6. 

Syricon coronatum., 1892, p. 79; I)i;n!)Y and Row. 1913. j). 745; BKiUTriiss. 

1935, pp, 16-17. 

In the collection then' are ninety on(' specimens of this sponge, all of 
which being obtained from M(*ssina and are preserved in one bottle 
numbered S. 1080. 

They are variable in shape ranging from sac-like to elongate tube-like 
and are variable in size as well. They are 2.5 12.8 mm. in total length 
including the oscular fringe of 0.9 2.5mm. high, and are l.J-6.6mm. in 
the greatest breadth. 

The largest specimen measuring 12.8 mm. in total length and 6.6 mm. 
in the greatest breadth was h(Tewith chosen as one on which to base 
further de.scription. 

It forms a solitary tubular individual broadest near the base, and is 


' Sycandra staurifem F^rkiwitsch, 1904 pp. 17-19, 4"aff. Ill, fig. 8. 

- Streptoconus australis Jenkin, 1908 pp. 25 27, pi. XXVII, fig. 3; pi, XXXIl, XXXIII, 
figs. 75 80. 

Sycon setosurn O. ScHMiDT, 1862 p. 15, Taf I. fig, 3, 

^'Sycan yntsui Hozawa, 1929 pp. 297-300, Fig. 14, 15; textlig. 8, 

^■^Sycon dif^itiformis Hozawa, 1929 pp. 307-310, figs. 22, 23; textfig. 12. 
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provided with an osculum which is surrounded by a collar at thti upper 
end. The oscular collar is about 2.5 mm. hij^h and is 1.5 mm. across. 
1'he wall is about 2 mm, thick in the basal parts and gradually diminishes 
in thickness towards the thin oscular margin. 

The dermal surface appears strongly hairly on account of the projec’ting 
tufts of long oxea at the distal ends of flagellated chambers. The gastral 
surface appears nearly smooth to the naked eye, but it is minutely punctat(‘ 
due to th(‘ angular opcnungs of exhalant canals and appears hispid under 
the microsco|>e from the projecting apical rays of gastral quadriradiates. 

('olour in alcohol is grevish white and the texture is fairlv rigid and 
elastic. 

Structure : ("anal system is typical. The flagellated chambers straight, 

nearly ecpially thick throughout their entire length terminating in low 
rounded distal cones. 

The tubar skeleton is ci^mposed of the basal rays of subgastral triradiates 
and quadriradiates as well as several layers of sagittal triradiates arranged 
in a typical manner. Som(‘ of these triradiates are providc'd with a short 
apical ray proj(*cting into the flagellated chamber. At the distal end of 
flagellated chambers there occur two kinds of oxea, the thicker and the 
thinner, forming thick tufts. 

The gastral skeleton is made up of quadriradiates arranged tangentially 
in a few layers and with their basal rays projecting towards the sponge 
liase. 'Fo the skeleton the facial rays of subgastral tri- and quadriradiates 
are to be added. Th(‘ apical rays of subgastral (luadriradiates project 
into the exhalant canal. 

The skeleton of the oscular collar is composed of quadriradiates and 
oxea. riie first kind of spicule is different from these found in the gastral 
skeleton in having strongly divergent paired rays and in having been set 
closely. 

Spicuhxs (textfig. 4) : ' 7'ubar triradiates (a) slightly sagittal, rather 
variable in size and shape. Rays are of nearly eciual thickness and not 
lying in the same plane. The oral angles are variable being wider in the 
spicules found in the inner parts of the sponge wall than in those in th(‘ 
periphery. Basal ray usually longer and sometimes shorter than [)aired 
rays, straight, 1ti()“290/^ long and 6-16/^ thick at the base. Paired rays 
more or less widely diverging, slightly curved forwards, 110-240/^ long 
and 6-16 thick at the base. 

Subgastral triradiates (b) strongly sagittal. J4ays nearly equally thick. 
Basal ray straight, slightly longer than paired rays, 80-250 // long and 
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addition of an apical ray which is shorter than either the paired rays or 
the basal ray. Apical ray straight 55 long and 6-8 thick at the 
base. 

Gastral quadriradiates sagittal (d). Basal ray straight, generally longer 
than paired rays, but often shorter, 150-310 /j long and 6-8/i thick at 
the base. Paired rays nearly equal, slightly curved forwards in basal parts 
and either straight or very slightly flexing backwards in the remaining 
parts, 70^210/^ long and 6 8/^ thick at the base. Apical ray well-developed, 
not strongly differentiated in length and thickness from facial rays, 62 
210// long and 6 8// thick at the base. 

Oxea at distal end of flagellated chamber (e) generally slightly curved, 
uniformly thick throughout their greater length, sharply pointed at both 
ends, 400//-1.5 mm. long and 14 22// thick. 

Hairdike oxea at distal end of flagellated chamber (f) very slendcT, 
straight or slightly curved, nearly uniformly thick in the middle greater 
parts and sharply ix)inted at both ends, 260// 1.5 mm. long and about 
2 // thick. 

Oxea of oscular margin (g) almost similar to those found at distal 
end of the flagellated chambers but are straighter, 500/>~1.5mm. long 
and 14-26/> broad. 

Hair-like oxea forming the osculur collar (h), rather slender, straight, 
nearly uniformly thick in the greater part of their length though tapering 
at ends which are fairly sharply pointed, 700/^- t mm. long and 2-8// 
thick. 

Previously known Distribution: East coast of Australia; Mediter¬ 
ranean ; Atlantic Ocean ; Pacific Ocean; Indian Ocean. 

Locality: — Messina. 

Family Heteropiidae Dendy 
Genus VOSMAEROPSIS von Lendenfeld 
6) Vosmaeropsis japonica Hozawa 
(PI. VI, Fig. 6^ 

VMntaertypsis juponica Hozawa, 1929, p. 324, figs ii4, 35, tcxtfig. 18. 

Of this species there exists in the collection only a single specimen 
(Spec. No, 1236) which was obtained from the Sagami, Sea, Japan. 

It is in the form of an irregularly curved tube narrowed towards the 
attachment base, and showing near the upper end an oval osculum of 
about 1 mm. diameter. 
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Tho specimen is about 18 mm. in length and al)()ii( 8 mm. broad in 
the broadest part. 

This species was first described by the writer in 1929, th(‘ type specimen 
being taken from Misaki, on the coast of the Sagami Sea. Thus the 
present rei)ort notes the occurrence of this species in the Sagami Sc^a for 
the second time. 

With respect to the structure, spic'ules, etc. the present specimen is 
almost similar to the type specimen. 

Locality : - Sagami Sea, Japan. 

7) Vosmaeropsis simplex, n. sp. 

PI. VI, Fig. 7; lextfig. 5 

In the collection there exists only a single specimen (Spec. No. S. 215) 
of this new species, and it was obtained at Naples. 

The sponge is in form an irregularly shaped mass consisting of a small 
number of compressed tubes. The length and the breadth of the mass 
are respectively bO mm. and 40 mm. The thickness of the wall of th^ 
tube is thickest in the l)asal part measuring about 5 mm. but it becomes 
thinner towards the oscular margin. The dermal surface of the sponge 
appears nearly smooth to the naked eye though it is not entirely even. 
The ga.stral surface is also smooth but is perforated by many exhalant 
apertures irregularly distributed. 

The colour is greyish white in alcohol and the texture is fairly rigid 
and is rather harsh to touch. 

Structure : The canal system of this species is of the leuconoid type. 

The flagellated chambers are of sac-like .shape, measuring about 120 in 
diameter. The dermal skeleton is composed of triradiates of two kinds, 
the larger and the smaller, both of which are tangentially but confusedly 
arranged in a small number of layers. There may be added the paired rays 
of pseudosagittal triradiates. 

'fhe tubar skeleton is composed of the basal rays of subdermal pseudo¬ 
sagittal triradiates and of the triradiates irregularly disposed. Some of 
these spicules take the subdermal position with tl;ieir basal rays pointing 
centrifugally. The gastral skeleton is made up of (juadriradiates arranged 
in a few layers. They are placed rather irregularly and their apical rays 
project into the gastral cavity. A small number of triradiates in a scattered 
distribution may be added to the same skeleton. 

Spicules (textfig, 5) : — Larger dermal triradiates (a) slightly sagittal 
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with rays of equal thickness. Basal ray straight, slightly shorter than 
paired rays, being 160-470/^ long and 20-45// thick at the base. Paired 
rays are sometimes slightly differentiated in length, being 230-600//long 
and 20 45thick at the base. ^ 

Smaller dermal triradiates (b) slightly sagittal with rays of equal 
thickness and disposed slightly convexly towards the outer side. Basal 
ray nearly straight or slightly curved, being 5t-200// long and 8-16/^ 
thick at the base. Paired rays slightly curved forwards in greater part 
of the basal and either straight or irregularly curved in the distal part, 
being 74-212// long and 8-16// thick at the base. 

Subdermal triradiates (c) pseudosagittal. All rays equally thick, lying 
nearly in the same plan(^ and are slightly wavy in outline. Basal ray 
nearly straight, distinctly longer than paired rays l>eing 320-530// long 
and 28-38// thick at the base. Paired rays are unequal in length and 



quadriradUtes, e'', the same seen from side; e''', the same seen from above (ally 
100 ). 
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shape. The longer ray usually curved, gradually tapering, 190-425/^ 
long and 26" 32 thick at the base. The shorter ray less curved than 
the longer-, 180-270/^ long and 26-32/^ thick at the base. 

Tubar triradiates (d) slightly sagittal, all rays being equal in thickness. 
Basal ray straight, shorter than paired rays, 230 470/^ long and 24-56 
thick at the base. Paired rays are of equal or slightly differentiated 
length, gradually sharply pointed, 290-620 long and 24 -56 ft thick at 
the base, 

Gastral quadriradiates (e) sagittal. All rays equally thick. Basal ray 
much shorter than paired rays, quite straight, tapering from hns<^ to the 
sharp point, 75- 100/^ long and 10-16// thick at the base. Paired rays 
subequal in length, slightly curved backwards, 126-210/' long and 10-16/' 
thick at the base. Apical ray curved, sharply pointed, much shorter and 
slightly thinner than paired rays, 97-110/' long and 10-14/' thick at the 
base. 

locality: Naples. 

Remarks: - 'J’his new species may be easily distinguished from most 
members of the genus Vosmaeropsis in having no oxea of any kind. 

Vosmaeropsis maculata^^ obtained from Japan also has not oxea of 
any kind but it is distinguishable from the species now being described 
by the spicular arrangement, by the characteristics of the spicules and by 
the external form. 

The specific name of this new species was given on account of the 
fact that it is rather simple in structure compared with other members 
of the same genus. 


8) Vosmaeropsis levis, n. sp. 

PI. VII, Fig. 8 ; textfig. 6 ) 

This new species is represented by a single specimen (Spec. No. 175), 
which was obtainded from Mexico. 

It is a single individual of a somewhat curved and laterally compressed, 
elongated cylindrical form, broadest at the part a little below the middle. 
The total length is about 18 mm. and the greatest breadth is about 8 mm. 
The osculum at the upper end is oval with a longer diameter of 1.5 mm. 
and shows neither an oscular fringe nor a distinct collar. The gastral 
cavity is deep extending throughout the greater length of the sponge. 
The lower part of the sponge is narrowed in a stalk-like manner. 

^ Vosmaeropsis mactdaiay H 621 AWA, 1929, pp. 321-324, figs. 32, 33; textfig. 17. 
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The dermal surface of the sponge appears on the whole sm(X)th being 
deprived of projecting spicules. The gastral surface is in a punctate 
appearance from the exhalant apertures of various sizes, and also looks 
more or less hispid due to the apical rays of gastral quadriradiates. 
Thickness of the wall, as measured in the broadest part of the sponge 
body, is about 2 mm. 

The colour in alcohol is greyish white and the texture is rather rigid 
and compact. 

The canal rsystem is of the intermediate between the sylleibid and 
leuconid types. The exhalant canals are wide and extend through the 
greater part of the wall thickness. The flagellated chambers are arranged 
mostly arround the exhalant canals and are from oval to elongate sac-like 
in form with a diameter of about 100-800 /a Of these chambers those 
situated close to the dermal surface are more elongated than the others. 

The skeleton of the dermal cortex consists chiefly of a few confused 
layers of triradiates placed tangentially and there may be added the paired 
rays of subdermal pseudosagittal triradiates. The skeleton of the chamber 
layer is composed of the basal rays of subdermal pseudosagittal triradiates, 
large triradiates in an irregular arrangement and the basal rays of sub- 
gastral triradiates. Along the larger exhalant canals there occur some 
quadriradiates with their apical rays projecting into the canal. 

The gastral skeleton is made up of a thin layer containing the paired 
rays of subgastral quadriradiates as well as of gastral quadriradiates. The 
latter kind of spicules are rather irregularly disposed but their apical rays 
project into the gastral cavity. 

Spicules (textfig. 6) : Dermal triradiates (a) very slightly sagittal and 
varies rather greatly in size. All rays nearly equally thick and gradually 
sharply pointed. Basal ray straight, nearly as long as or sometimes a 
little shorter than the paired rays, 60-450 long and 6-40 thick at the 
base. Paired rays slightly curved forwards, 60-470/^ long and 6 4()o 
thick at the base. 

Subdermal triradiates (b) pseudosagittal. All rays nearly equally thick, 
gradually tapering to a sharp point Basal ray longer than paired rays, 
nearly straight, 240-800 long and 12-50 ft thick at the base. The longer 
ray of the paired rays nearly straight, 170-650/i long and 12-50/i thick 
at the base. The shorter of the same also nearly straight 150-800/^ 
long and 12-50thick ^t the base. 

Triradiates of chamber layer (c) subregular or slightly sagittal. All 
rays nearly equally thick and gradually and sharply pointed. Basal ray 
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390-550/^ lonj^, and paired rays 270-t4()/i long, all being 30-44/^ broad 
at the base. 

Quadriradiates of the larger exhalant canals (d) sagittal with sharply 
pointed facial rays of nc'arly equal thickness. Basal ray shorter than 



canal; c, subgastral triradiatcs: f, gastral (iwadriradiates (ally J00). 

paired rays, nearly straight, 90-170/^ long and 7-16/^ thick at the base. 
Paired rays gently curved forwards, 90-215 long and 6^-14 thick at 
the base. Apical ray shorter and slightly thinner than facial rays, slightly 
curved in distal portion and is sharply pointed, ^0-130/>« long and 6-14// 
broad at the base. 

Subgastral triradiates (e) sagittal with rays of nearly equal thickness. 
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Basal ray longer than paired rays, nearly straight, about 135 490/^ long 
and 10 broad at the base. Paired rays strongly diverging and usually 
recurved, first backwards and then forwards, about 90 310/^ long and 
10-39 thick at the base. 

Gastral quadriradiates (fj sagittal. Basal ray distinctly shorter than 
paired rays and is nearly straight, 130 230/^ long and 10 20 broad at 
the base. I\aired rays widely diverging, nt'arly straight, gradually tapering 
to sharp point, 185 280// long and 10 20/^ thick at the base. Apical 
ray shorter and slightly thinner than facial rays, slightly curved and sharply 
pointed, 80-185// long and 8-16/^ thick at the base. 

Locality: Mexico. 

Remarks: This new sp(‘cies resembles Vosmaeropsis simplex, n. sp. 

whi('h is described also in this report, in having neith('r ox(*a nor microx(*a. 
But it may bt‘ distinguished from Vosmaeropsis simplex by the extei’nal 
form, by the natur(' of the (’anal system and by the (’haract('ristics of the 
spicules. 

9) Vosmaeropsis triradiata, n. sp. 

I PI. Vn, Fi^. 9, textHg. 7/ 

Of this new species only a single specimem (Spec. No. 1775) which 
(‘ame from Mexico was examined by the writer. The sponge is in the 
form of a strongly laterally compressed oval sac of about 8 mm. high and 
10 mm. broad. 

The terminal osculum leads into the gastral (‘avity of a habitus cor¬ 
responding to that of the entire specimen. The sponge wall is thiclu’st 
in the base of the body measuring about 1.5 mm. and becomes thinner 
towards the oscular margin. The dc'rmal surface is also smooth though 
it is punctated by a great number of minute exhalant apertures uniformly 
distributed in rnesh-like manner. 

The colour in alcohol is greyish white and the texture is fairl\ firm 
and elastic. 

Structure : - The canal systefh is of the sylleibid type though is not 
very typical. The flagellated chambers are variable in form ranging from 
an oval shape to an elongate sac-like configuration. They are arranged 
radially around the large exhalant canals. 

The dermal skeleton consists of a dense feltwork of huge triradiate 
spicules arranged irregularly but parallel to the dermal surface. Besides 
these triradiates there may be added the paired rays of subderraal pseudo- 
sagittal triradiates. The skeleton of the chamber layer is made up of 
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The gastral skeleton is more weakly developed than the dermal. It is 
made up chiefly of slender triradiatee arranged tangentially in a few layers 
and of the strongly developed paired rays of subgastral triradiates. 

Around the osculum there exists not any special skeleton to be 
mentioned. 

Spicules (textfig. 7) : -Dermal triradiates (a) very large, slightly sagittal. 
All rays nearly equally thick and gradually sharp pointed. Basal ray 
straight, usually slightly shorter than paired rays, 23(V760// long and 3(1- 
100// thick at the base. Paired rays slightly curved forwards, 310 9H0// 
long and 30-100 thick at the base. 

Subdermal triradiates (b) pseudosagittal. All rays nearly equally thick, 
gradually tapering to a sharp point. Basal ray longer than the paired 
rays, nearly straight, 250-500/^ long and 18 40// thick at the base. I^aired 
rays not strongly differentiated in length. The longer of the paired rays 
is 140-390// long while the shorter is 100-350// long, both being 18- 
40// thick at the base. 

Triradiates of chamber layer (c) sagittal or subregular. All rays nearly 
equally thick and gradually tapering to sharp point. Basal ray straight, 
more or less longer than paired rays, 390- 700// long and 28-50// thick 
at the base. Paired rays widely divergent, slightly curved, 265-550// long 
and 28-50// thick at the base. 

Subgastral triradiates (d) sagittal, with sharply pointed rays of nearly 
equal thickness. Basal ray distinctly longer than paired rays, nearly 
straight, 400-780// long and 18-50// broad at'the base. Paired rays 
strongly divergent and are slightly bent in the middle part, 250 560// 
long and 18 50/^ broad at the base. 

Gastral triradiates (e) slightly sagittal with rays rather slender. Basal 
ray straight, slightly shorter or longer and slightly thinner than paincl 
rays, 150-320// long and 12'T8// thick at the base. Paired rays slightly 
curved forwards, 18()-25{)// long and 14-20// thick at the base. 

Locality: — Mexico. 

Remarks: — In having neither oxea nor microxea this species l esembles 
such species as Vosmaeropsis samakii Hozawa, V. maculaia Ho/awa, V. 
leviSy n. sp*, V. simplex, n, sp., but it may be easily distinguished from 
the said four species on account of the dermal skeleton being composed 
of huge triradiates and by the gastral skeleton being made up of triradiate 
spicules only. The specific name triradiata was given on account of the 
fact that it possesses only triradiates. 
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Gonus AMPHIUTE Hanitsch 
10) Amphiute paulini Hanitsch 
i Pl. VII, Fig. 10; 

Amphiute jKiulnii, Hantts( FI, 1S95, pp. 208 209, PI Xll, figs. 1 T), 10. XIIl, fig. 1 

Only a .single specimen of ihis specu's exi.sts in the collection (Spec. 
No. 1181). It is a c61ony of two individuals, united together at their bases. 

The individuals have a somewhat curved elongated cylindrical form. 
They are mon? or less laterally compressed and arc' narrow at their bases, 
but becoming gradually broad('r distally. In both individuals the distal parts 
are broken off and thus the writer is unable tf> discuss about th(^ osculurn. 
They ai*(^ n(‘arly equal in length measuring about 27 mm. while in breadth 
one is superior to the other, measured 1mm. and 5 mm. r('sp(‘Ctively. 

In external appearance and in the anatomical structures the present 
specimen represents nearly the same features as shown in the de^scri{)tion 
and figures made by Hanitsch of the type-specimen. 

Previously known Distribution : West coast of Portugal. 

Locality: - Portugal. 

Remarks : Amphiute paulini is the type species of the genus Amphmiv 

which was erected by Hanitsch in 1895. The genus is characterized by 
th(* possession of colossal longitudinal oxea in both dermal and gastrai 
cortices, in addition to the presence of subdermal pseudosagittal triradiates. 
At present this ^enus is r(‘presented by two species only, the second of 
which being A. ijimnP from Japan and which was described by the 
present writer in 1916. 

The present record reports the occurrence' of A. paulini in Portugal 
for tlu' second time. 


Family Grantiidae Dkndy 
Genus GRANTIA PThmING 
11) Grantia mexico, n. sp. 

(PI. VII, Fig. 11; textiig. 8) 

This new species is based upon a single specimen in the collection 
(Spec. No. 175a). 

The sponge is of a tubular form slightly curved, broadest at the 
attachment ba.se and gradually narrowing towards the upper osculurn which 

^ Amphiute ijimai, HoZawa, 1916, pp. 33-38, pi. I, Fig. 9, Pi. II, Fig. 17; textfig. 7; 1929 
p. 319. 
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is nearly naked. It is about 10 mm. long, and about 5 mm. broad at the 
base. The sponge wall is about 1 mm. thick. The osculum is about 
1 mm. in diameter. 

The dermal surface is more or less hispid duo to the projecting oxea 
and the gaslral surface is also echinated by the projecting apical rays of 
the gastral quadriradiaies. 

The colour in alcohol is greyish white and the texture is faiily firm. 

Structure : d'he canal system is of the syconoid type. The flagellated 

chambers are of elongated and 100-150/' in diameter. Most of these 
chambers are simple not giving off any branch(‘s. The dermal skeleton 
is rather weakly developed, being made up of tangential triradiates in a 
few layers. The large oxea are placed mostly at right angles to the 
dermal surface, with their distal ends freely projecting on it, and with 
their proximal ends deeply intruding into the chamber layer. In addition 
to the large oxea above mentiom'd the hair-like spicules may be found 
in the dermal cortex. They are group(*d in small tufts and are placeQ 
at right angles to lh(‘ dermal surface. 

The tubar skeleton which is made up chiefly of triradiatc^s is of the 
many-jointed articulate type, d’he inner most joint of the tubar skeh'ton 
is found by the basal rays of subgastral triradiates. The gastral skeleton 
consists of quadriradiates, of which the basal ray generally points toward 
the base of the sponge, and the apical ray i)rojects into the gastral cavity 
and is curved towards the osculum. As regards the skeleton of the oscular 
margin, we have not noticed any peculiarities to be mentioned. 

Spicules (textfig. 8). Dermal triradiates (a) slightly sagittal with paired 
rays slightly shorter and thicker than basal ray. All rays taper from base 
to sharp point. Basal ray straight, being 112-21^5/' long by 6-11 /' thick. 
Paired rays slightly curved forwards, being 9()'~J90/' long by 8 16/' thick. 

Tubar triradiates (b) sagittal. Basal ray sti-aight slightly longer than 
paired rays, not lying in the same plane with the latter, 112-225/' long 
and 8-14/' thick at the base. Paired rays curved around the flagellated 
chambers, 73-151/' long and 8-14/' thick at the base. 

Subgastral triradiates (c) strongly sagittal. Rays almost lying in one 
plane. Basal rays, 240-300/' long and 8-14/' thick at the base. Paired 
rays widely ^diverging, distinctly curved at the point a little distant from 
the base, very sharply pointed, 84-201 /' long and 8-14/' thick at the 
base. 

Gastral quadriradiates (d) sagittal. Facial rays of subequal length and 
thickness lying in one plane. Basal ray straight, more or less shorter 
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Toxtfig. 8. Grantia mexicoy n, sp, a, dermal triradiatcs; b, tubar triradiatcs; 

(', fiubgastral triradiates; d, gastral quadriradiates; d', gastral quadriradiate seen 

from above; gastral quadriradiate seen from side; e, oxea (all x 150). 

than paired rays, 120-123/^ long and 8-10thick at the base. Paired 
rays slightly curved backwards, 123-140/^ long and 8-10/^ thick at the 
base. Apical ray gently curved upwards, very sharply pointed, 110-173 
long and 6~8 fi thick at the base. 

Oxea projecting from the dermal surface (e) straight or slightly curved, 
sharply pointed at both ends. These spicules varies in length measuring 
from 526/^ up to 1110/^. In thickness ihey are 20-24/^. 

Hair-like spicules projecting from the dermal surface very slender 



caix:area obtained by the Hamburg museum 


155 


and are easily broken into pieces. They are much, shorter than the oxea 
above mentioned and are only 2 thick. 

Locality: — Mexico. 

Remarks: — The above described species cannot be identified with any 
species previously described. Grantia canadensis Lambe may be looked 
upon as its nearest ally though it shows some distinct differences in 
spiculation. 


Genus ANAMIXILLA POLK.JAEFF 

12) Anamixilla irregularis Burton 

1>1. VII, Fig. 12) 

Anamtxillii trrrgularis, Horton, 1930, p. 6, t('xtfig. 5. 

This species is represented in the Hamburg Museum collection by two 
specimens (Spec. Nos. 1110 a and b). They are in the form of several 
tubular individuals arising from a common basal mass. Some of them 
are provided with a naked osculum at each apex while the others are 
blind. In the larg(T specimen (Spec. No. 1110 a) the breadth of each 
individual varies 3 7 mm. and the thickness of the wall measures from 
0.75 to 1 mm. 

The writer has identified these two specimens with Anamixilla irregularis 
from Bay of Birna, Sumbawa, which was described by Burton as they 
seem to agree very well in all essential characteristics with that species. 

Localities: Bay of Bima, Sumbawa (Burton); Haiti. 

Genus leucandra Hakckel 

13) Leucandra pumila Bowerbank 

(PI. VII, Fig. 14, texttig. 9^ 

Leuconia pumila, Bowkrbank, 1866. p. 41; Gray, 1867. p. 556. 

Leucaltin pumila, Hakckfx, 1872, p. 148, Tuf. 27, lig. 2a'2g. 

Leucandra pumila, Df.ndy and Row, 1913, p. 774. 

This species is represented in the collection by a single specimen 
(Spec, No. 175j) obtained from Mexico, 

It is a .solitary tubular individual more or less irregular in contour, 
being broadest near the attachment base and gradually narrowing towards 
the tip where an osculum opens. It measures about 14 mm. in total length 
and 9 mm. in the greatest breadth. The thickness of the wall is under 

^^Grantia canadensis Lambe, 1896, pp. 206-207, pi. HI, 6gs. 7, 7 a, 7 b; 7 c. 
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1 mm. The osculum is about 0.5 mm. in diameter. 

The colour is greyish white and the texture is fairly rigid. ' 

Structure: The canal system is of the leuconoid type. The flagel¬ 
lated chambers are rather thinly distributed in the chamber layer and 
are irregularly scattered. Th(‘y are generally of an oval shape, measuring 
up to 120/' in the longer diameter. 

The dermal skeleton is composed chiefly of rather thin triradiates 
which are tangentially but confusedly arranged in a f(‘vv layers and here 
may be added a number of large triradiates which are placed again 
tangentially. The tubar skeleton is made up chiefly of large triradiates 
in an irregular arrangement. Tin* (juadriradiates which o<rur along the 
larger exhalant canals may be added to the skeleton. Their apical rays 
project into the lumen of the canal. 

In the subgastral position th(*re occur a small number of triradiaU^s 
and quadriradiates with their basal rays intruding into the chamber layer. 

The gastra! skeleton is made up of quadriradiates in a few laycTs with 
the basal rays pointing downwards in most cases and with apical rays 
[)rojectin'g into the* gastral cavity. Some of these quadriradiates become 
triradiates being deprived of their apical ray. 

As regards the skeleton of the oscular margin w(* have not noticed 
any peculiarities to be mentioned. 

Spicules (textfig. 9): — Small dermal triradiates (a) slightly sagittal 
with paired rays slightly longer than basal ray. AH rays are of equal 
thickness and taj)er from base to sharp point. Basal ray straight, being 
130-325/^ long by 8 16/' thick. Paired rays slightly curved forwards, 
being 160 390/' long by 8-16/' thick. 

Larger dermal triradiates (b) equiradiate and e(|uiangular, or slightly 
sagittal. All rays straight, gradually and sharply pointed, being 250- 
1,000/^ long and 30-60/' thick at the base. 

Tubar triradiates regular or subregular (c), very large but variable in 
size. They are exactly similar to the larger triradiates found in the dermal 
cortex. 

Quadriradiates of the larger exhalant canals (d) sagittal. Ba.sal ray 
straight not strongly differentiated in length from paired rays, being 170- 
490/^ long and 12-14/' thick at the base. Paired rays usually equal, 
sometimes unequal, either curved simply forwards or showing double 
curvature. In the latter case they curve distinctly forward in the proximal 
parts and slightly backwards in the distal parts, 200-480 /' long and 12- 
14/' thick at tjhe base. Apical ray much shorter and slightly thinner than 
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Subgastral quadriradiates (e) strongly sagittal. Basal ray much longer 
than paired rays, being about 340-780/^ and 14-18/^ thick at the base. 
Paired rays widely diverging and slightly curved, about 190-340 ft long 
and 12-16/^ thick at the base. Apical ray short and nearly straight, 
broad at the base, and very finely pointed at the end, being about 50- 
90/^ long and 12-16/^ thick at the base. 

Subgastral triradiates (f) strongly sagitUd. They are nearly similar to 
subgastral quadriradiates except in the absence of an apical ray. 

Gastral quadriradiates (g) sagittal. Basal ray not strongly differentiated 
in length from paired rays, quite straight, being 170-490/^ long and 12- 
14/^ thick at the base. Paired rays nearly straight or very slightly curved, 
rather widely diverging, sharply pointed, being about 200-108// long and 
12-14// thick at the base. Apical ray fairly well-developed, shorter than 
facial rays, slightly curved upwards and sharply pointed, measuring 110- 
140// in length and 12-14/' broad at the base. 

Previously known Distribution: Ciuexmey (Bowkrbank) ; Mogador, 
Coast of Morocco; Cape of Good Hope; Bass Strait, Indian Ocean (Haeckel). 

' Locality: Mexico. 

Remarks: - This species was first described by Bowekbank in 1886, 
who obtained the specimen from Guernsey in the English Channel. After¬ 
wards it was more fully reported by Haeckel in 1872 in his Monograph 
of Calcarea, the specimens being secured from the Coast of Morocco, 
Cape of Good Hope, and from the Bass Strait in the Indian Ocean. This 
time the specimen was obtained from Mexico. 

As the present specimen from Mexico coincides well in external form, 
as well as in skeletal features with those mentioned by Bowekbank and 
Haeckel in the case of I^Mcandra pumila, the writer has identified it 
with the present species. 

In the present report the writer has mentioned the existence of sub- 
gtcstral triradiates and of subgastral quadriradiates in this species. 

14) Leucandra seychellensis, n. sp. 

(PI. VII, Fik- 13; toxtHg. 10; 

This si>ecies is represented by a single specimen in the collection. 

The sponge is a solitary individual of an irregular oval shape. It 
measures about 30 mm. in height and about 22 mm. in the greatest breadth, 
the wall being about 5 mm, in thickness. The osculum at the upper end 
is rather irregular in outline and is surrounded by a thin margin. It 
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measures about 6 mm. across. The dermal surface is nearly smooth with¬ 
out any projecting spicules, but is more or less uneven as there exist a 
number of protuberances and depressions distributed at intervals. The 
gastral surface is also smooth without any strongly projecting spicules 
and is perforated by irregularly distributed circular or oval exhalant aper¬ 
tures measuring up to 3 mm. in diameter. 

The colour in alcohol is greyish white and the texture is moderately 
firm and elastic. 

Structure : — The canal system is of the leuconoid type. The dermal 
cortex is very thin and underneath which there exist suhdermal cavities. 
The water comes into these cavities from outside through the inhalant 
pores of dermal cortex and then is lead into the chamber layer. The 
chamber layer is strongly lacunar owing to the wide inhalant and exhalant 
canals. Betwc^m the inhalant and exhalant canal systems the flagellated 
chambers are fairly thickly distributed. They are ovoid or spherical in 
form with a diameter of about 100/^ 

The dermal skeleton is very thin, composed of a few layers of small 
triradiates which are arranged without any definite orientation, but to 
form small reticular meshes. 

In addition to these spicules there occur a number of colossal oxea. 
The arrangement of these spicules, except for the fact that they all lie 
tangentially, is quite irregular. 

The skeleton of the chamber layer is rather confused, being (‘omposed 
chiefly of triradiates with an admixture of a few number of quadriradiates. 
The quadriradiates occur along the larger exhalant canal. 

The gastral skeleton is made up of a thin layer of triradiates which 
are closely set without any definite orientation. 

The skeleton of the oscular margin is composed of triradiates and 
colossal oxea. Of the triradiates, those found on the dermal surface are 
placed rather irregularly* while those on the gastral surface have their 
basal rays directed regularly downwards and running parallel with one 
another. The colossal oxea are disposed longitudinally and run parallel 
with one another. 

Spicules (textfig. 10) : - Dermal trirafliates (a) subregular or slightly 
sagittal with rays sharply pointed and varying fairly greatly in size. In 
the smaller spicules the rays measure about 70 ft by 6 while in the 
larger ones they are about 260 ft by 20 at the base. 

Triradiates of the chamber layer (b) are nearly similar to the larger 
triradiates of the dermal cortex. They are slightly sagittal, the oral angle 
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ray is much shorter and thinner than facial rays and is very slightly 
curved ending in a sharp point, about 50/^ long and about 14/^ thick at 
the base. 

Castral triradiates (d) strongly sagittal having a very wide oral angle. 
Basal ray straight and sharply pointed, much shorter and slightly thinner 
than paired rays, 60-90/^ long and 6 8/^ thick at the base', l^aired rays 
nearly straight and sharply pointed at the end, 130 180// long l)y 8-10// 
thick at the base. 

"fViradiates of the oscular margin (e) strongly sagittal. Basal ray 
distinctly shorter and thinner than paired rays. It is straight and sharply 
pointed and measures about 110// long by 12 18// thick at the bas(‘. 
Ikiired rays very widely divergent and curve gently bacl^wards, al)out 230// 
long and 18-20// thick at the base. 

Dermal oxea (f) very larg(', more or less curv(‘d, spindle sbap(‘d, the 
broadest portion lying nearer one end than the other, sharply pointed at 
both ends, 800-1030// long and 13-63// thick at the thickest portion. 

Locality: Seychelle Islands, Indian Ocean. 

Remarks : 'Fhe most (‘haracteristic feature of this new species is the 

presence of colossal oxea in the dermal cortex. They are not arranged 
longitudinally, but lie scattered quite irregularly over the sponge surfac(‘ 
and never project from the latl(‘r. The same feature is also seen in the 
cases of Leucandra cramhessa^ and its varieties which on the other hand 
differ from the species now described in the external form, in the features 
of the gastral skeleton, as well as in other respects. 'Fhe gastral skeleton 
of Leucandra crarnbessa its varieties is composc'd chiefly of c}uadri- 
radiates, while in the s[)ecies now described it is mad(‘ up almost entirely 
of triradiates. 
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EXf’LANAllON OF THE ELATES 
PLATE VI 

I'bg. 1. Leucosnlema compltcata (Montac.u). a 2. 

Eig. 2. Lcucosolenia canariensis Ml('HLtu;Ho-MA(. lay. x2. 

Eig. 3. Leucaltis clathna Haeckel, x 2. 

Eig. 4. Sycnn mexico, n. sp. X 2. 

Eig. 5. Sycon coronatum Ellis et Solander. x 2. 

Fig. 6. Vosniaeropsis japonica Hozavva. x 2. 

Fig. 7. Vosmaeropsui simplex, n. sp. Xl. 

PLATE VII 

Fig. 8. Vosmacropsis levis, n. s}). X 2. 

Fig. 9. Vosmaeropsis triradiata, n. sp. X 2. 

E'ig. 10. Amphiute paulini Hanitsch. x2. 

Fig. 11. Grantia mexico^ n. sp. x2. 

Fig. 12. Anamixilla irregularis^ n. sp. x2. 

Fig. 13. Leucandra s eye Hellenists, n. sp. X2. 

Fig. 14. Leucandra pumila Bowerbank. x2. 
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The calcareous sponges reported in the present paper are those collected 
from Matsushima Bay by Professor Hozawa, by Dr. Uragami and by 
the writer during the years extending from 1935 to 1939. The collection 
was found to comprise six species listed below, of which four seem to be 
new to science. 

Before going further, the writer wishes to acknowledge his indebtedness 
to Professor Hozawa for the valuable advice and kind help rendered him 
during the work. The writer also wishes to thank Dr. Uragami for his 
collection of material offered for use. 

The following is the list of the species. 

Family Homocoelidae 

1) Leucosolenia mutsu Hozawa 

2) Leucosolenia tenera, n. sp. 

Family Sycettidae 

3) Sycon okadai Hozawa 

4) Sycon matsushime.nse, n. sp. 

5) Sycon uragamii^ n. sp. 

Family Grantiidae 

6) Leucandra tomentosa, n. sp. 

Description 

1, Leucosolenia mutsu Hozawa 
(PI. VIII, fig. 1) 

Leucosolenia mutsu Hozawa, 1928, pp. 219-220, PI. I. figs. 1-.3; 19*10, p. 35. 

This species is represented in the collection by two specimens obtained 
from the littoral zone of Mahanashi-jima in 1939. 

The sponges form irregular spreading masses, each consisting of a 
loose network of Ascon-tubes. One of them attains the length of 12 mm. 
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and the other of 4 mm. only. 

With respect to the inner structure, these specimens are identical with 
the type. 

Localities: Mutsu Ray; Ohshima in Kesennuma Bay (Hozawa) ; 

Mahanashi-jima in Matsushima Bay. 

2. Leticosolenia tenera, n. sp. 

(PI. vnr. Cm. 2; ToxtfiK 1.) 

Many specimens of this new species exist in the collection. Some of 
them were obtained by Professor Hozawa in 1938 on the shore of 
Mahanashi-jima, and some others were collected by the writer on the 
same island in 1939. 

ITie sponge forms a loose, branching mass of Ascon-tubes of variable 
sizes and shapes, attached to some foreign object. The sponge seems to 
increase its size by budding. The bud which first appears on the parent 
tube as a blind outgrowth, comes subsequently to bear an osculura at its 
free end. The ascon-persons are small, in the form of thin-walled tubes, 
each when fully grown bearing a circular osculum of about 1.2 mm. 
diameter at its extremity. The length and the diameter of the tubes are 
variable corresponding to the position taken in the colonies, measuring 
about 3-12 mm. in length and 0.5-3 mm. in diameter. 

The outer surface of the tubes is very minutely hispid. The colour 
in alcohol is nearly white and the texture is soft and bristle. 

Structure; - The canal system is of Dendy’s type simplicia^ . The 
skeleton consists of triradiates, quadriradiates and oxea. The triradiates 
and quadriradiates are arranged in a thin layer, the apical rays of the 
latter projecting into the gastral cavity. The inner end of the oxea is 
embedded in the mesoderm while the outer projects outwards giving to 
the outer surfaces of the tubes the hispid appearance. 

Spicules (Textfig. 1);—Triradiates (a) sagittal. All rays are nearly 
equal in thickness being 7-10 /a The basal ray straight, gradually 
tapering to a sharp point, always shorter than paired rays being 80-180 
long. Paired rays nearly equal, widely divergent, straight or slightly 
curved backwards and are 90-210long. 

Quadriradiates (b) are of about the same size and shape as the 
triradiates with addition of an apical ray. The apical ray slightly curved 
upwards, sharply pointed, shorter and thinner than the facial rays, 30- 
A. Traos. Roy. Soc. Victoria, Vol. Ill, 18^1, p. 24. 
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70 p. long and 6-8 p thick at base. 

Oxea (c) more or less irregularly curved, sharply pointed at both ends, 
but the distal end is usually slender and is more finely pointed than the 
proximal. They are not even in outline, 200-630// long and 8 12// 
thick at the broadest portion. 

Remarks: — In the external features and canal system, this species 
closely resembles Leucosolenia lucasi Dendy' and L. echinata Kh^K" , but 
it may be easily distinguished from them by its spiculation. In the pre¬ 
sent species the radiates are more widely divergent and the basal lays 
are always shorter than paired rays. But in L. lucasi, the three angles 
of the triradiates are equal, and in L. echinata the triradiates are regular 

^ Levcosolenia luctisi Dendy, (1891), pp. 45 46, PI. I, 1, PI, IV. fig, 1, PI. IX, fig. 1. 

'^ Leucosolenia echinata Kirk, (1R93\ pp. 177-178, PI. XXII, fig. 1. 
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or sagittal and the quadriradiates are larger than the triradiates. Moreover 
the present species may be distinguished from them by the difference in 
the form of th(‘ oxeote spicules. 

Loca/z/ty; - Mahanashi-jima in Matsushima Bay. 

3. Sycon okadai llozAWA 

PI vrn, a 

Sycon okadai HozAWA, J929, pp 302-301. PI. Ill, (igs. 18. 19, 10. 

This si)ecie.s is represented by numerous specimens in the collection. 
One of them (PI. VIII, hg. 3) was obtained by IVofessor Hozawa from the 
.shore of Mahanashi-jima, whil(‘ the others were collected by Dr. Ukaoami 
from the oyster beds in Matsushima Bay. All art‘ typical, forming cylin¬ 
drical solitary pc'rsons. Fhe largest specimen measures about 27 mm. in 
total length and about 7 mm. in the greatest breadth, the wall reaching 
about 1,2 mm. in thickness. The osculum at the upper end is oval in 
shape and is surrounded by a feebly developed collar. The remaining 
specimens are much smaller than th(' specimen above alluded to. 

In the anatomical .structures, pre.sent specimens represent th(‘ same 
features with the typ(' which was first described by Hozawa, using 
specimens from Misaki. 

/.oca/77/e5 Misaki (Hozawca) : Matsushima Bay. 

1. Syccyn matsushimense, n. sp. 

IM. VIII. fig 1, 3'rxttig. 2 

rhis new species is based upon live specimens found in the collection. 
They wore collected by the writer at the littoral zone of Mahanashi-jima 
in Matsushima Bay in May, 1939. The sponge has the form of an 
elongate sac with a' circular osculum surrounded by a well-developed 
collar at the upt)cr end and is attached directly with its base to Other 
subjects. The largest specimen which 1 have selected as the type is 
about 18 mm. in total length and 4.B mm. in breadth. The o.sculum 
measures about 2.5 mm. in diameter and the height of the collar is 5 mm. 
The body wall of the sponge reaches 1.5 mm. in thickness in the thickest 
parts. 

The dermal surface is fairly hispid owing to the oxea projecting from 
it. The gastral surface appears slightly rough under the microscope, due 
to the projecting apical rays of the gastral quadriradiates. 

The colour in alcohol is greyish white and the tenure is soft but 



CAIXAREA OF MATSOSftiMA BAY 


169 


slightly elastic. 

Structure': The canal system is syconoid. Flagellate' chambers are 

cylindrical in form, straight, unbranched, and are rounded at the slightly 
projecting ends. They are 160 ^00/e in diametar while the length aie 
variable corresponding to the thickness of sponge wall. 

Th(' tubar skeleton consists of triradiates arrang(id in several layc'rs- 
with outwardly directed basal rays and of basal rays of subgastral tri- 
and quadriradiates. 'The distal ends of flagellate chambers are provided 
each with a tuft of oxea of three kinds, viz. ordinary oxea, linear spicules 
and hair-like spicules. The ordinary oxea are several in number while 
th(' linear spicules are only 2 or 3. 

The gastral skeleton is made up of paired rays of subgastral tri- and 
(juadriradiatc's and of gastral (juadriradiates with their basal rays mostly 
pointed towards the sponge base. d'h(‘ subgastral (juadriradiatc's are very 
few in number in comparison with the subgastral triradiates. 

Th(' C).scular collar consists of linear spicules and of (juadriradiatc's. 
rhe former' occur in longitudinal disposition at the distal end of collar 
forming a well-developed fringe. Th(‘ lattt'r spicules have tlirnr basal 
rays running parallel with the former kind of spicules and their pair'ed 
rays widely diverg(‘nt. ^ 

Spicules (Textfig. 2) : Tubar triradiates (a) sagittal. All rays are 

nearly e<iual in thickness. Hasal ray straight, sharply pointed, slightly 
longer than pair(‘d rays, 180 270/^ long and 8 10/^ thick at base. Faired 
rays equal, eilhru* straight or slightly curved forwards. 120 190/^ long 
and 8 JO/^ thick at base. 

Subgastral triradiates (b) sagittal. Basal ray straight, longer than 
paired rays, 190 220/^ long and 8 10// thick at base. Faired rays ecpial, 
widely divergent, 150 200// long and 8 10// thick at base. 

Subgastral (|uadriradiates (c) similiar to the subgastral triradiates, 
except the presence of apical rays. Apical ray slightly curved, sharply 
pointed, shorter and slightly thinner than facial rays, 60 90// long and 
about 7 /^ thick at base. 

Gastral (juadriradiates (d) strongly sagittal. Basal ray straight, distinctly 
longer than paired rays, 220-260/-/long and 8-10/z thick at ba.se. Faired 
rays nearly equal, slightly curved backw^ards, 1 10-190// long and 8-10// 
thick at base. Apical ray curved upwards, shorter and thinner than 
facial rays, 65-100// long and 6-8// thick at base. 

Quadriradiates of the oscular margin (e) strongly sagittal. Basal ray 
straight, sharply pointed, shorter and slightly thinner than paiix^ rays, 
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I. 



of oscular margin; f, oxoa at the digital end of flagellate chamber, g. linear spicule 
I all xl20) 

160-220long and about 8/^ thick at base. Paired rays equal, very 
widely divergent, slightly curved bat^kwards, 230 320// long and 8-11/^ 
thick at base. Apical ray short, curved upwards, about 70 long and 
8 (f thick at base, 

Oxea at the distal end of Hixgellate chambers (f) are more or less 
curved, tapering to both ends, not even in outline, 420-850/^ long and 
14-18// thick in the middle. Some oxea are provided with an indistinct 
lance-head at distal end, while the others are equally sharply pointed at 
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both ends. 

Linear spicules of the distal end of flagellate chambers (g) very slender, 
straight, uniformly thick throughout the entire length except for both 
sharply pointed ends, about 3.6 mm. long and 10/^ thick. 

Hair-like oxea very fine, more or less curved, reaching a length of 2 mm. 
by 2 thick. 

Linear spicules of oscular collar similar to those found at the distal 
end of flagellate chambers. They are straight, slender, variable in thick¬ 
ness, about 5.5mm. long and 5-10/^ thick. 

Locality: Mahanashi-jima in Matsushima Bay. 

5. Sycon uragamii, n. sp. 

(FI. VIII, fig. 5; Toxtfig. H) 

This species is based upon six specimens which were obtained by Dr. 
Uragami from the oyster beds in Matsushima Bay in October, 1935. 
They are all of a closely similar appearance. Each of them represents a 
solitary person of a tubular form, attached with a hollow peduncle to 
some foreign object and showing at the upper end an osculum surrounded 
by a feebly developed collar. 

The largest specimen (PI. Vlll, fig. 5) which is herewith taken as 
the type, measures 9 mm. in total length and 2 mm. in the greatest 
breadth. The peduncle of the sponge is about 3 mm. long and the 
osculum is circular with a diameter of 1 mm. The sponge wall is about 
0.5 mm. thick in the middle parts of the body. 

The dermal surface of the sponge is hispid owing to the projecting 
oxea. The gastral surface appears nearly smooth to the naked eye. The 
gastral cavity extends the entire length of the sponge body. The peduncle 
is also tubular, its cavity communicating with the gastral cavity. 

The colour in alcohol is greyish white and the texture is soft. 

Structure : — Canal .system typical. The flagellate chambers straight, 
unbranched, nearly equally thick throughout their entire length terminating 
in low rounded distal cones. 

The tubar skeleton is composed of basal rays of subgastral triradiates 
and of articulate tubar triradiates. At the distal end of flagellate* chamber 
occur the tufts of oxea. 

The gastral skeleton is made up of paired rays of subgastral triradiates, 
gastral triradiates, and of gastral quadriradiates which have their apical 
rays projecting into the gastral cavity. The latter two kinds of spicules 
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are placed tangentially and their basal rays are pointed towards the 
sponge base. 

The oscular margin is composed of linear spicules and of closely set 
triradiates and quadriradiates. The skeleton of the peduncle is consisted 
of tangentially placed triradiates and quadriradiates with their apical rays 
projecting into the cavity, and of radially arranged oxea. 

Si)icules (Textfig. d) : Tubar triradiates (a) sagittal. Basal ray 



3. Syc(m uragamit, n. sp. a, tubar triradiates; b, subgastral triradiates; 
r, ^astral triradiates; d, ^astral quadriradiate; e, triradiates of oscular margin; 
f, quadriradiates of oscular margin; g, triradiates of peduncle; h, quadriradiates 
of peduncle; i, oxea of flagellate chamber; j, oxea of peduncle, (all Xl^O) 
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Straight, tapering to sharp end, longer than paired rays, 9()“2]0/^ long 
and (> 9 thick at base. Paired rays equal, either straight or slightly 
curved forwards, 80-160/^ long and 6-9// thick at base. 

Subgastral triradiates (b) strongly sagittal. All rays are nearly e(iually 
thick being 6 8 //. Hasal ray straight, longer than paired rays ()eing 
180 200// long. Paired rays eciual, curved distinctly about in the middle 
'and are 105 200// long. 

Gastral triradiates (c) sagittal. Pasal ray straight, sharply pointed, 
170 250// long and 7 8// thick at base. Paired rays equal, nearly 
straight, 150 170// long and 7-8// thick at ba.s(‘, 

Gastral (juadriradiates (d) similar to the gastral triradiates, only dif¬ 
fering in th(‘ presence of apical rays. Aj)ical ray short, curved upwards, 
sharply pointed, 60-90 /' long and about 7 // thick at base. 

Triradiates of oscular margin (c) strongly sagittal. Basal ray straight, 
slightly longer than paired rays, 180 210// long and 6 8// thick at base. 
Paired rays (Mjual, widely divergent, 120-190// long and 6 8// thick at base. 

(^uadriradiates of oscular margin (f) like th(* triradiat/cs of the same, 
but with a short a[)ical ray, measuring 60 100// in length by about 7// 
thick. 

Triradiates of tht? peduncle (g) strongly sagittal. Basal ray straight, 
longer than paired rays, 110 210/' long and 6 8/' thick at base. Paired 
rays nearly (‘cjual, either straight or slightly curved, 85-160// long and 
6 8// thick at base. 

(^uadriradiat/'S of the peduncle (h) exactly similar to triradiates of the 
same, differing only in th(' presence of apical rays. Apical ray short, 
curved upwards, 15 75 // long and 6 8// thick at base. 

Oxea at the distal end of flagellate chamber (i) (‘longate spindle shaped, 
more or less curved, tapering to both ends, measuring 270 510// in length 
and 8-15 // thick in th(‘ thickest pai'ts. 

Oxea of the peduncle (j) similar to those at the distal end of flagellate 
chamb(‘r. They measure 180-430// in length and are 6 13// thick in 
the middle parts. 

Remarks: - This species appears to be closely related to Sycon 
petiolutuni (Haeckel.)'^ and to S. pedicellatuvi Kirk' , but it may be 
distinguished from the first species by its external appearance and by the 

^ Sycandra ampulla vur. petiolata IlAl-X'KKr, (1872), pp. 308 .311, Taf. >2, figs. 2a-2t, 3 af. 
58, fig. 6. 

- Sycon pedicellatum Kirk C1897), pp. 313-314, PI. XXXI, figs, la, lb; PI. XXXII, figs, 
la Ic. 
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difference in the arrangement of the spicules in the peduncle. From 
Kirk's species, the present species may be easily distinguished by the 
absence of spongorhiza and by the difference of the shapes of the sub- 
gastral triradiates and of the oxea. 

This species is named after Dr. URA(iAMi, the collector of the type 
specimen. 

Locality : - Matsushima Bay. 

6. lAmcandra tomeniosa, n. sp. 
fPl. Vin. fig. 6. Toxtfig, 4) 

In the collection there exist numerous specimens of this new species 
which were collected by professor Hozawa in 1988 and by the writer in 
1939 from the littoral zone of Mahanashi-jima. They are all of a closely 
similar appearance, though they vary from 5 mm. to 20 mm. in length. 
Each of them represents a solitary person of a spherical or oval form, 
showing at the upper end an osculum surrounded by a wcibdeveloped 
collar. The outer surface is very .strongly hispid owing to the presence 
of long oxea projecting from it. The gastral surface which lines the 
rather narrow gastral cavity is smooth and is perforated by several large 
circular apertures of exhalant canals, measuring up to 1 mm. across. 
The sponge was covered with mud and thus the colour is grey when 
preserved in alcohol. 

The most perfect specimen (PI. VIII, fig. 6) which I make the type of the 
species represents a spherical form, with a height of about 15 mm. and 
a diameter of 11 mm. The osculum is surrounded by a fairly well-developed 
collar with a height of about 4 mm. The ga.stral cavity is irregular in 
shape and is rather narrow. The sponge wall is about 5 mm. in the 
thickest parts. 

The following description is based upon the type specimen. 

Structure: The canal system is leuconoid. The flagellate chambers 

are spherical with a diameter of 60-100// and are set thickly in the 
chamber layer. 

The dermal cortex is well defined due to the well-developed inhalant 
canals. The dermal skeleton is composed of tangentially arranged triradiates, 
large oxea and hair-like spicules. The outer portions of the latter two 
kinds of spicules project freely beyond the dermal cortex. 

The skeleton of chamber layer is made up of triradiates only. They 
are densely and confusely packed in the layer. 
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The gastral skeleton is consisted of sagittal triradiates, which are 
closely set in several layers parallel to the gastral surface. The larger 
exhalant canals are lined with similar triradiates to those of the gastral 
surface. 

The skeleton of oscular margin is composed of triradiates and linear 
spicules. The former are placed fairly densely with strongly divergent 
paired rays and with downwardly directed basal rays, while the latter 
spicules run parallel with the basal rays of the oscular triradiates and 
form a dense fringe. 

Spicules (Textfig. 1) ; Dermal triradiates (a) slightly sagittal. All 
rays are nearly equally thick. Basal ray straight, shorter than paired 



Tpxtfig. 4. LettcaTidm tomentosa^ n. sp. a* dermfil trir&dwites; F, tubar triradia' 
tes; c, gastral triradiates; d, triradiates of oscular margin; e, Oxea of derma] 
surface; f, oxea of oscular margin, (a-d x 120: e, f x60} 
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rays, 150-240/^ long and 8-12/^ thick at base. Paired rays equal, 
straight or slightly curved, 190-270/^ long and 8 12/^ thick at base. 

Tubar triradiates (b) slightly, sagittal. Basal ray straight, sharply 
pointed, either nearly equal to or slightly longer than paired rays, 200-^ 
270/^ long and 8 14thick at base. Paired rays equal, more or less 
undulating, 190-250/^ long and 8-14/^ thick at base. 

Triradiates of the larger exhalant canals exactly similar to those of 
the gastral cortex which will be mentioned later on. 

Gastral triradiates (c) strongly sagittal. All rays are nearly equal in 
thickness and are lying in one plane. Basal ray straight, shorter than 
paired rays, 80-140/^ long and about 10/^ thick at base. Paired rays 
equal, widely diverging and are slightly curved forwards, 150-280/^ long 
and 10// thick at base. 

Triradiat(‘S of oscular margin (d) sagittal. Basal ray straight, sharply 
pointed, shorter and thinner than paired rays, 100-240// long and 8-10// 
thick at base. Paired rays equal, strongly divergent, 200-380// long and 
10 14// thick at bas(‘. 

Large oxea projecting from dermal surface (e) straight, nearly uni¬ 
formly thick* in the greater parts of their length, tapering at the ends, 
measured 5 mm. long or more and 25-30// thick. 

Hair-like oxea nearly straight, uniformly thick with both ends sharply 
pointed, about 5 mm. long and 2// thick. 

Oxea of the oscular margin (f) nearly like as the large oxea of the 
dermal surface, differing only in size. They are about 3.5 mm. long and 
12 17// thick in the middle parts. 

Locality: Mahanashi-jima in Matsushima Bay. 
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KXPLANATTON OF PLAl'K VIII. 

Pig, 1. I^ucasolrnm mvtsu Hozawa, x2. 

Fig. 2. Leucosolcnia teAera^ n. sp. Natural size. 

Fig. 3. Sycon okadai Hozawa, xl.r>. 

Fig. 4. Syron matsushimense, n. sp. x2. 

Fig. 5. Syc(m uraf:;amii, n. sp. X 2. 

Fig. (i. Leticandra t<mnnitosa, n sp. X 1.3. 
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THE GENERAL CONSIDERATION OF THE DIURNAL ACTIVITY 
OF THE STRAWBERRY WEEVIL, ANTHONOMUS BISIGNIFER 
SCHENKUNG, WITH SPECIAL REFERENCE TO THE BODY 
TEMPERATURE OF THE WEEVIL AND THE ENVIRON¬ 
MENTAL TEMPERATURE FACTORS 

(DrURNAL RHYTHM OF ACTIVITIES IN INSECTS AND ITS 
ENVIRONMENTAL CONDITIONS NO. IX) 
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Hiolofjrical Institute, Tohoku Imperial University, Sendai, Japan 
(With 2 text-figures 
(Received Kehioiary 2, 1940; 

INfRODUCTION 

Some kinds of in.set'ts are active in the daytime, while others are in 
the ni^:ht. It seems to he generally understood that the periodicity found 
in the activity of insects correlates closely with the environmental condi¬ 
tions. It may he naturally thought that in order to investigate the said 
correlation W(‘ must first pay attention to the existence of or absence of 
sunshine. Thi're are many investigations carried out about the relation 
between the light and the activity of th(‘ nocturnal insects. We have 
learned that a close correlation exists between this activity and th(‘ light 
intensity or the change of the same, and havi^ also known the mechanism 
which causes the nocturnal activity by chang(j of the light surroundings 
(Ya(;i, j935, 1938). 

It seems, however, to i-emain still doubtful whether the activity of the 
diurnal insects depends upon their light reaction or not. Most of the 
grasshoppers arc generally considered to be the diurnal insects. According 
to Rockwood (1925, cited from Pakkkr, 1930) a kind of grasshojipers is 
said to fly in unusully warm nights when the air temperature is approxi¬ 
mately 26.7''C. This observation seems to suggests that the temperature 
may affect the diurnal activity of grasshopper. It is important to notice 
that the migration of grasshoppers is stopped and is again started when 
the passing clouds make the sun obscure and again exposed it, thus it 
was first thought to be caused by a Kght reaction, but it seems to be 
explainable rather by a temperature reaction when the air temperature 
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or the soil surface temperature is taken into consideration (Parker, 1930). 
It was ascertained by Bodenheimer (1930) that the body temperature 
of the grasshopper is on a fine morning fairly high compared with the 
air temperature. This seems to offer the important key to solve the 
problem above mentioned. 

It must be very interesting and also important to investigate how the 
sunshine influences the activity of the diurnal insects, that is, whether the 
sunshine is effective as a light environment or as a heat environment. 

For several years I have been studying the diurnal rhythm of activity 
seen in the Strawberry Weevil, Anthonomvs bisignift^ Schenkling, and 
have already published several papers concerning it. In the present paper 
1 should like to deal with the general consideration of the diurual activity 
of the Strawberry Weevil. 

Before proceeding further I wish to express my sincere thanks to Prof. 
Dr. Sanji Hozavva for the kind instruction which 1 received from him in 
the course of lh(‘ present investigation. I desire also to express my hearty 
thanks to Assist. Prof. Dr. IsAO Motomgka for his valuable criticisms. 

THE niUKNAL RHYTHM OK ACTIVITIES IN THE WEEVIL 
AND THE METEOROLOGICAL c:ONDITIONS 

I. The Diurnal Rhythm of Activity 

The Strawberry Weevil is generally inactive during the night resting 
near the root of the strawberry plant or inside of the bract of flower- 
buds of the same. But after the sunrise it becomes suddenly active and 
begins to crawl and fly and also to lay eggs injuring the flower-buds. 
Towards the evening the activity becomes gradually weaker and then it 
goes into a resting condition for the night. 

The egg-laying activity of this weevil is considered to be an index 
of its general activity. According to the statistical investigation (Kato, 
1937a), the number of eggs lajd during the night is only 11.6 percent 
of the total number of one day, and 88.4 percent of the same are laid 
during the daytime. The number of eggs laid in the morning {6th-10th 
hour) is 22.6drl*2 percent of the total number of one day and the same 
in the midday (I0th-14th hour) increases remarkably to 37.1±1.7 percent, 
but the same in the evening (14th 18th hour) decreases to 28.7±1.8 
percent. Thus it must be understood that the difference between 22.6 
percent of the morning and 28.7 percent of the evening is statistically 
significant. 
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In fine the Strawberry Weevil is evidently a diurnal insect and the 
diurnal rhythm of activities is clearly to be seen. 

II. Correlation Between the Activity and the Environmental 
Meteorological Conditions 

i. Duration of the sunshine. 

By the first investigation (Ka'kk 1936) it was recognized that the 
duration of sunshine is the most important factor correlating with the 
egg-laying activity. 

7’hen the duration of sunshine must be inquired into qualitatively. 
Namely, does the duration of the sunshine act upon the egg-laying ac¬ 
tivity as a light stimulus or as a heat stimulus ? Fhat is, is the diurnal 
rhythm of the activity governed by the light reaction ()r by the t('mpera- 
ture reaction ? 

It is easily noticeable that in the case of this kind of weevil the eggs 
are laid at midnight on warm nights (Kato, 1988b). It is therefore 
permissible to think that the egg-laying may take place without any 
stimulation of light. This fact was also exactly noticed in the laboratory 
experiment (Kato, 1988b). If the temperature is kept fairly high, many 
Hower*buds injured by the oviposition of the weevils will l>e found of 
strawberry plants which were placed in a dark room and also some 
crawling traces will b(* found on the smoked paper set for the experiment. 

From the above facts it may be understood that the light is not very 
important for the egg-laying activity of the Strawberry Weevil, and 
consequently the heat energy mu.st be taken up as the qualitative factor 
of the sunshine. 

ii. The Solar Radiant Energy. 

In the next experiment the .solar radiant heat, the air temperature, 
and the soil surface temperature were taken into consideration. From 
the statistical investigation made on the correlation between the activity 
of the insect and the meteorological conditions in the course of one day 
(Kato, 1987a), we knew that the solar energy is the most effective upon 
the egg-laying activity. 

During the time extending from 6th to 10th hour in the morning, 
the fluctuation of the amount of the solar energy is the most important 
factor controlling the activity, but in the noon-time covering from 10th 
to 14th hour the air temperature and the soil surface temperature, which 
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were not so notable in the rnorin^r, art rather effectively upon the said 
activity together with the solar energy. Then in th(' evening the air 
temperature and the soil surface temperature become the main controlling 
factors. 

W(' know finally that the solar radiant heat is most effective in the 
I)eriod extending from 6th to J 1th hour and thc‘ air temperature and the 
soil surface temperature are effective mainly in the period covering from 
10th to 18th hour (Table J). 


dAHLF 1 . 

('()('fficieiits of correlation calculat'd hciween tfu' chmnlic factors 
and the activity of th' oriposition of the Strawberry Weevil. 


'rimo-iiU(T\ alj 

8>olar ladiaiit 

(MUTKV 

Soil surlacr 
tempot utun 

Air tempera 
tun' 

t'.vaporation 

1 lumiditN 

11 

G.(K) 

n 

10.00 

0.884±o.o3;; 

0.64r)±0.0H4 

0.822 80.047 1 

0.928±0.020 

0.6.31+0.087 

10.09 

14.00 

O.8i:3to.0i;:! 

0.H321-O.O18 

0.915±O.O23 

0.921+0.02.3 

0.7(^+0,058 

14.00 

18.00 

O.TKl.i.O.Ofil 

0,839.80.012 

0.826+0.015 

0.719+0.068 

-0.561+0.096 


adapted from Kato. 1937a i 


It seems to be permissible to think that the air t(?mperature and th(^ 
soil surfac(‘ temperature are fairly low in the morning and do not ac¬ 
celerate the activity of th(‘ weevils and, thus, the solar radiation only 
acts as the temperature factor upon the said activity. But with the pro¬ 
gression of time, the air temperature and the .soil surface temperature 
rise gradually and attain the temperature zone of activity of the weevil, 
and then the influence of the solar radiation is not so strong as in the 
morning. This may be the reason why the air temperature and the soil 
surface temperature increase in correlation with the said activity in the 
noon-time and in the evening. 

iii. The Locomotion Velocity and the Solar Radiation. 

Now we must pay attention to the fact that the solar energy influ¬ 
ences the activity in an added condition to the environmental tempera- 
lure expressed mainly by the air temperature or by the soil surface tem- 
peratur(‘. The activity expressed in the sunshine soon falls in potency in 
the temperature environment expressed by the air temperature, if the 
sunshine is intercepted. On the contrary, the activity of the same in the 
temperature environment without sunshine, rises quickly and ramarkably 
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when the sun begins to shine. 


This is obviously observed in the 
experiment carried out on the 
locomotion velocity of the wetnil 
(Kato, I93Hb). We learned 
from the above experiment that 
the locomotion velocity correlates 
closely with the presence or 
absence of the sunshine or with 
the iT'ading of the black helio- 
thermometer, and furthermore 
that the locomotion velocity is 
exactly swayed by the air tem¬ 
perature when the sun is ob¬ 
scured t(Mnporarily (Fig. 1). 


iv. The Fgg-laying Activity 
in the Ca^e of the Sohu’ h.clipse. 

In the case of the solar eclipse 
it is observed that the diurnal 
rhythm of th(‘ mett^orological 
condition is divided into two parts 
by the decreasing of the solar 
radiation caused by the eclipse. 


Fj^^. I. Showing th(* correlation 
(he locomotion velocity of the W(*rvil aiul 
the temper<>tiirc enviroT\m(‘nts It is seon 
that the v<'locity under tin* (doudy weather 
uses in arconlanct' with thr- rise of the an 
t«‘mp«*rature. adapt«nl from Kvio, 193 Sli 

In order to clarify the correlation between 



the activity and the environmental conditions, it seems to be of intiTest 


to investigate w’h(*ther the diurnal rhythm of the activity of the weevil is 
affected or not by the said meteorological conditions (‘aused by the solar 
eclipse. 

According to the experiments executed in the (ase of a total (xdipse 
which occured on th(! 19th of June 1936 in some parts of Hokkaido 

(Kato, 1937b), it was known that the diurnal rhythm of tlu* egg-laying 

activity of the Strawberry Weevil was exactly divided into two parts 
being affected by the changes of the temperaturt* factors, especially l)y 

the decreasing of the solar radiation, and it was also known that the 

periodicity of -the said activity was governed only by the diurnal varia¬ 
tion of th(‘ meteorological conditions, mainly by the temperature factors. 



18/1 


M. KATO 


V. The Transformation from the Nocturnal Resting ( ondition to the 
Diurnal Active Condition. 

From the investigation carried out on the process of transformation 
from the nocturnal resting condition to the diurnal active condition (Kato, 
19)181)), it was known that the said transformation progresses in cloudy 
weather uniformly and gradually depending upon the gradual rising of 
the air temperature or of the soil surface* temperature, but in spite of 
the low air temperature, the resting condition changers on a tine morning 
irregularly and quickly being influenced by the solar radiation. It was 
also observed that the transformation occurring in the morning is generally 
quick, but in the evening the active condition changes gradually into an 
inactive one, even if the solar energy weakend quickly. This seems to 
depend upon the fairly high air temperature and also to be caused by 
the* slow falling of the same. 

It may be concluded from the results above mentioned that the activity 
of the wec'vil is surely governed by the temperature reaction of the weevil 
itself and also that the solar radiation is very effective upon the said 
activity. We learn also that a fairly strong absorption power of the solar 
radiation is seen in the case of the weevil. 

THE BODY lEMl^EKATUHE OE THE WEEVIL AND THE 
KNVIKONMENTAL ( ONDITIONS 

1. fiofiy Ti*mperatun^ of the Weeinl. 

It was clarified from the above experiments that the diurnal variation 
of the activity of the weevil is caused by the temperature reaction and 
thus the diurnal rhythm of the activity coincides with the diurnal varia¬ 
tion of the environmental temperature factors. It may be also conceivable 
that the solar radiant energy which might have been neglected is rather 
important as one of the temperature factors. Consequently it may be 
permissible to think that the solar radiant energy must be taken up as 
an environmental temperature factor in the held of ecological investigation. 

From the view point above mentioned the ecological invesitgation on 
the body temperature of the weevil becomes naturally necessary, 

It was concluded from the preliminary investigation (Kato, 1939) that 
the change of body temperature is caused primarily by the increase and 
decrease of th(* solar radiant energy, the other environmental factors 
acting only secondarily. It may he needless to say that in this case the 
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air temperature forms the base of the body temperature and the solar 
energy is effective in an added condition to the air temperature. 

If the activity of the weevil is exactly due to the temperature reaction, 
the body temperature estimated from the experimental results con(*erned 
with the correlation between the activity and the environmental tempera¬ 
ture factors may certainly agree with the body temperature measured 
directly. 

I'he locomotion velocity was measured in the laboratory and also in 
field conditions (Kato, 1938b) (Fig. 2). When we compare the similar 
velocity obtained in the 
laboratory work and in 
the field experiment it is 
known that the air tem¬ 
perature in the case of 
field condition is fairly 
low compared with that 
in the laboratory experi¬ 
ment. If the velocity is 
equal in each case, it may 
be permissible to think 
that the body tempera¬ 
ture must be equal in 
both cases. 

Now in the case of 
the laboratory work it 
was recognized that the 
air temperature represents 
the body temperature 
itself. Accordingly in the 
case above mentioned the 
body temperature is surely higher in the field condition than the environ¬ 
mental air temperature. In Fig. 2 the horizontal distance between A- 
group and B-group shows the difference between the air temperature and 
the body temperature. It is known from this that the body temperature 
is 3‘'C. or some what higher than the air temperature, and also that this 
is in accord with the direct measurement of the body temperature (Kato, 
1939, 1940). 



20 25 

Tfvnpe/atxjye 

FiK- Showing the locomotion velocity of the 
weevil measured under field conditions and in the 
lal)oratory. A, the results obtained by the laboratory 
work under the gradually rising temperature. B, 
Relation between the velocity measured in the field 
and its environmental air temperature, (adapted from 
Kato, 19,38b) 
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II. Diurnal Rhythm of the Body Temperature and the 
Enmronmcntal Temperature Factors. 

A parallelism was shown to exist between the lluctuation of the body 
tenip(‘ralure and the variation of the temperature factors, especially of 
the solar energy, and it was also recognized that the environmental tern* 
perature is effective not directly but indirectly through the body tempera* 
ture ut)on the activity. 

But we are still not throughly convinced of th(^ existence of a cor¬ 
relation between the activity of the weevil and tlie environmental ('ondi- 
tions without having the experimental result of the diurnal variation of 
the l)ody temperature. 

From the investigation made concerning the diurnal variation of the 
body temperature (Kato, 1940) it was concluded that, regarding the 
environmental temperature factors which control I the body temperature, 
the solar radiant energy is predominant in the morning, but with the 
progression of time the air temperature becomes gradually important and 
finally it l)ecomes a prevailing factor in the evening. 

In spite of a remarkable utilization of the solar energy, the body t(‘m- 
perature in the morning is lower than in the evening, as the air tempera¬ 
ture, which forms the base of the body temperature, is fairly lower in the 
former than in the latter. 

It i3 also known that the body temperature rises rapidly in the morning 
being infiuenced by the solar radiation, but in the evening it falls rather 
slowly depending upon the gradual falling of the air temperature. 

RELATION BETWEEN THE ACTIVITY OF I’HE WEEVIL AND 
PHE BODY TEMPERATURE OF THE SAME 

We have already learned that a correlation exists between the activity 
and the environmental factors and also between the body temperature 
and the environmental conditions. Now the relation between the activity 
and the body temperature of the weevil must be fully considered. 

From the statistical investigation made concerning the correlation 
between the egg-laying activity and the environmental meteorological 
factors, it was known that in the morning the air temperature or the soil 
surface temperature is not so effective but the solar energy is the pre¬ 
vailing factor controlling the activity, and that at about noon the former 
becomes equally as important as the latter, and this tendency grows 
conspicuous in the evening, that is, lK)th the air temperature and the soil 
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surface temperature become the predominant factors controlling the egg- 
laying activity (Kato, 1937a) (Table 1). The fact above mentioned may 
be very comprehensive by the fact that the environmental temperature 
factors act upon the activity of the weevil through the body temperature, 
and, namely, by the study of the diurnal variation of the body tempera¬ 
ture of its controlling temperature factors. 

In the morning the air temperature or the soil surface temperature, 
which forms the base of the body temperature, is fairly low. and thus a 
remarkable utilization of the solar radiation may be observed. khus the 
solar radiant heat induences strongly the body temperature and conse¬ 
quently the activity through the body temperature. But with the progres¬ 
sion of time lh(? air temperature rises gradually and then the body shows 
a fairly high temperature even if the sunshine is absent. Furthermore a 
kind of temperature regulation is seen inhibiting the absorption of the 
solar radiation caused by the high temperature. In the evening a remark- 
abl(‘ utilization of the solar radiant heat is not seen, as the air tempera¬ 
ture is still fairly high and the body temperature is also high even though 
there is no sunshine. Thus the air temperature becomes important with 
th(* progression of time as one of the controlling factors of the body 
temperature and acting strongly upon the activity of the weevil through 
its body temperature. 

It was already mentioned that the resting condition of th(^ night is 
changed rapidly into the active condition of the daytime in the case of 
th(^ fine weather, but it is done rather gradually in the case of a cloudy 
morning. This is also explainable by the rapid or slow velocity of the 
rising of the body temperature. That is to say in the case of a fin(‘ 
morning the body temperature rises rapidly utilizing strongly the solar 
radiation, and con.sequently the activity of the weevil increases quickly, 
but on the contrary in cloudy weather the available* solar energy is very 
weak and the body temperature rises gradually with the l ise of the air 
temperature and thus the transformation of the activity is very slow. 

It is generally seen that the diurnal active condition changes very 
slowly into the nocturnal inactive condition. This may be explained by 
the slow falling of the air temperature and consequently by the gradual 
fall of the body temperature. 

Regarding the egg-laying activity, the number of flower-buds injured 
by oviposition is greater in the evening than that in the morning. Al¬ 
though the amount t)f the solar energy is almost equal in both periods, 
the air temperature which forms the base of the body temperature is 
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fairly high in the evening compared with that in the morning. Accordingly 
the body temperature itself is lower in the morning than in the evening 
in spite of the remarkable utilization of the solar radiation, and con¬ 
sequently the egg-laying activity may be more active in the evening than 
in the morning. 


CONCLUSION 

The diurnal activity shown by the Strawberry Weevil is due to the 
temperature reaction of the weevil. It may be therefore recognized that 
the temperature factors of the meteorological environments act strongly 
upon the activity of the said weevil. 

As these temperature factors are affective upon the activity through 
the body temperatnre of the weevil, the diurnal activity progresses in 
accordance with the diurnal variation of the body temperature. 

It may be conclusively permissible to think that, in the case of the 
insects whose activity depends upon their temperature reaction, the environ¬ 
mental temperature factors influence externally upon the said activity and 
the body^ temperature is internally effective upon it. 

It is also noted that the solar radiant energy which has been almost 
neglected in the field of ecology must he taken into consideration as one 
of the environmental temperature factors together with the air tempera¬ 
ture or the soil surface temperature. 
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FEEDING ACTIVITY OF A GRASSHOPPER, PRUMNA SP., 
WIDELY DISTRIBUTED AT MTS. HAKKODA* 

(DIURNAL RHYTHM OF ACTIVITIES IN INSECTS AND ITS 
ENVIRONMENTAL CONDITIONS NO. X) 


Mutsuo Kato 

Institutr of the Tdhoku IrnprTuil University, Sendai 
W ith ' 

I'Vbruary 10, 1940/ 

INTRODIK TION 

It se(‘ms to 1)0 ^^eoerally accepted that th(‘ activity of grasshopf)ers is 
remarkably influenced by the temperature environments. Namely the said 
activity is considered to be i^overned by the temperature r(‘action of the 
gasshopper itsedf. In this case we must pay attention to the fact that 
the environmental temperature is not effective directly upon the' activity 
but through the body temperature. 'That is to say we are not able to 
understand throughly the act of th(‘ environmental temperatuia' without 
taking the body temperature of the insect into consideration. 

An investigation of the temperature limit of various stage's seen in the 
activity of some Locusts was carried out by Mossfin (1937) and it seemis 
to suggest the reliability of the opinion being mentioned by Uvarov who 
has expressed his opinion in the preface of the paper which dealt with 
the al)ove investigation. From the ecological investigation made about 
the diurnal activity of the Strawberry Weevil it was concluded that it is 
very important to inquire into the reciprocal relation of the insect activity, 
the body temperature* of the insect and the environmental temperature* 
factors, in order to know the insect activity which is controlled mainly 
by the temperature reaction (Kato, 1910), 

FEEDING AGTIVITY OF GRASSHOPPERS 

According to I^arker (1930) the temperature zone of feeding activity 
is in accord with that of the general activity. The Lessor Migratory 
Locust begins to feed when the air temperature and the soil surface tem- 

Contribution from the Mt. Hakk6da Botanical Laboratory, No. 2S. 
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perature become respectively from 12.7 to 17.2''C., and from 21 to 34.iX. 
The temperature ranging from 20 to 25.5T. and-from tO to 44.4''C. were 
found to be favorable for the maximum feeding. But the feeding activity 
decreases rapidly when the temperature becomes higher. In these cases, 
however, the air temperature was measured at the height of t feel above 
the ground and thus it does not show the temperakire at the height of 
2 inches above the soil surface where the grasshoppers are found most 
abundantly. 

A l:ind of grasshopper, l^mna sp.‘ , is widely distributed at Mts. 
Hakkdda, Aomori Prefecture, North-East Honshu, being found within th(‘ 
area extending from a level about 700 metres above the sea to the sum¬ 
mit of Odakk, the main mountain of Mts. Hakkoda, and 1,585 metres 


Fable 1. 

The specific names of plants which be injured by Trumna sp. 


Salix Reinit . 

Saliraceae 

P(dyfionum W eyrie hit • • ... 

PolvKonaceae 

Glaucidium palmntum ■ . 

lianunculaceue 

Hydranyea paniculata vur. florilmiuUi 

Saxifragu('(‘ue 

H. ma('Tophyll(i serratn f. acuminata 


Snrhw Aticuparia . 

Hosaceae 

Daphniphyllum humilt: • • . • 

Euphorhiacea(' 

Ilex leuccH'lada • • . 

A(iuifoliareae 

/. Suyeroki breinpedunculata . 

,, 

Aeer japonieurn var. typicum . 

Aoeracea#' 

A. T.tekaTyiskii .... ... 

,, 

Viola brevvitipulata • • -. 

Violaceae 

Acanthopanax neiadophyllmdeH . 

Araliacea<' 

Menzicsia ciliicalyx var. multiflnra .... 

Erica('ene 

Vacemiurn Smallii . 


V. axilarc . . 


Rh<xiodf'ndron Alb^rcc/itii . 


R. Fauriae var. rufese.ens . 


Leucothne Grayana var. tyfdca . 


Tripetaleia bracteata . 


Fauria Crinta-fi^alli . 

(ji(*ntianaceae 

Menyanthes trifoliata . 

,, 

Viburnum furcatum . 

Caprifoliaceae 

Petasites giy;antu% . j 

Comj)ositae 

(^!acatia adenostyloides . 1 


Aiitcr Glehni . 


Arnica unalaschensin . 

i n 

I.ysichitnii camtschatenae. . 

Araceu(^ 

Arisaema heterophyllum var. typicum • • • 


Aruncus silve.ntor var. americonw ... 

i 

Ilosta jnponuxi var. angustifolia . 

1 Liliaceae 


CIt was astuTtaiaed from Mr. H. FuRUKAWA that this grasshopper will be reported by 
himself in the near future as a now speciofl under the 9p(*cific name of Prumna uzume 
(Japanese' name; rowada*Maruo-='Huki'Batta), 

















DITHNAL KUVrUM OK A('nViriKS IN INSKCTS X 


19 :^ 




I. (I 


I’lK- 1 Sli()WitiK sonic kinds of plants injur<‘(l 1)\ l^inmna sp a. \’/o/o hrciisti- 
piildtii \\. Hi;( K. 1), FdurHt ( ristdpdlii MaKIN'O, c, hifan cdnif '<('hdt c ns(' ScllniT 

d, Uydipanirtildtd \ar. (Idnhuidid KlU.I.l, 


high al)()\(‘ the sea. I he density of popu¬ 
lation of this grasshopper is thickest at 
SukaMi Hot-Spring or around th(‘ i^o- 
tanical (lardt'n of the Idhoku lmp(‘rial 
IJniversity situat(‘d in th(‘ hnel of from 
about 900 m(‘tres to OoO nuHres above 
that of the s(‘a. 

This grasshopfier seems to l)(‘ very 
polyphagous and the number of plants 
which may he injured by it run up to 31 
spet ies according to the observation don(‘ 
in the said . botanical garden (d'abh^ I ; 
Fig. \ & 2). 



t'lK 'd Sonif' l<‘av(‘S of IIq- 
(Irdupcd showing On' typual iniiirv 

niad<‘ IWnmdd sj). 


I have wi^h(!tJ before to investifiate 
the relation between the feeding activity of this gasshopper and the 
m('teorological conditions, in other words to know whether the feeding 
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activity of this ^rasshot)()cr is ^^ovcrn<‘(l mainl\' by th(‘ (Muironmental tem¬ 
perature factors, or [)>’ th(‘ t(*mperatin‘e reaction of th(^ grasshopper its(4f. 

I was ahl(‘ to hav(‘ an opportunity to carry out tins investigation hy 
l[)(‘ kindn(\ss of IVof. Dr. Yoshui Yoshii, the Hir(H*tor of the Ml. H<ikkocla 
Botanical Laboratory, and 1 am very gratt'ful to him. 1 wish here to 
a(‘knovvledgt‘ the kind instruction and encouragement given hy Prof. Dr. 
Sanji Ho/awa and Assist. Prof. Dr. IsAO MoroMritA. 1 am also 
grat(4ul to Mr. Hakuo Pi uukawa for his kind information about the 
specific nam(‘ of this grassh<^[)|)er. 


Ml/riiOl) AND MATKHIAL 





B 


uuij |fiHl 


i ' if-r!^TtR!i^ 


The rearing (‘(juipn^mt is rathei' simf)l(‘ consisting of a t)orous pot and 
a hell-shap(‘d cag(‘ made of wire. The pot is i^ocm. in diam(‘ter and is 
12 cm. in height laung hik'd with soil. The hel)-shap(*d cage* is 20 cm. 

in diam(‘t('r and .40 cm. in 
h('ight and was made to 

cover th(^ })ol (Fig. 4). 

Hidran^ea paniculotn 
var. florihundn Hkckj. was 
us(‘d as food for tli(' (‘xpt'ri- 
mental insects, as it was 
found to !)(' most satisfac¬ 
tory in carrying out this 
investigation. A twig taken 
from this plant was put in 
water contained in a glass 
hottk* which is 2 cm. in 

diamf'ter and 7 cm. long and 
was preliminary settk'd in 
the soil of the porous pot. 4’wenty inflividuals males and femal('s were 
con(in('d in each of th(‘ said rearing cages. 

The (‘xpi'riments were ('xecuted in the latter part of August of 1949. 
In this sf'ason th(‘ grasshoppi-rs s<*emed to la* at their full growth. 

The amount of food consunK^l hy the insect was measured by a special 
method. A twig with some leaves which was to he given to th(* insect 

as food was hrst confined in a bottle saturated with moisture for about 

21 hours and then it was measured in weight. 'I'he above was given to 
the insect for some definite duration of time. After that it was again 




Fik- Showin^^ (he af)[»ar;Cus used iti lh<’ lirld 

rxjxTinK'iU vvhicti was (>x<'<utcd in the hack yard 
(){ (h<' llakknda Hotanical I.ahoialory 
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confined in the bottle above mentioned for the same period as before and 
its weight measured again. Thus the amount of food consumed in some 
definite time may be represented by the difference in the weights obtained 
in the two ways as mentioned above, in reality it means the weight of 
row matter devoured by the insect. 

Of the environmental conditions the temperature factors were mainly 
observed. The solar radiant heat was measured using a black helio* 
thermometer and the air temperature was observed at a height of about 
10 cm. above the ground. The soil surface temperature was also measured, 
d’hese observation above mentioned were all made in the said rearing 
cage. The evaporation and wind velocity were also measured. 

KKSULTS AND HlSt USSION 
I. jyiurrial rhythm in the Feeding Activity. 

The fluctuation of the fec^ding activity during the summer of 1939 
extending from 15th of August to 25th of the same month was shown 
in Fig. 4. The feeding activity was represented by the amount of food 
consumed per four hours in the daytime, but the amount of food consumed 
during the night from JHth to 6th hour of the next morning was divided 



Fig. 4. Frequency histogram showing the amount of food consumed dy Prumna 
sp. during the summer of 1939 and the meteorological conditions o^ the environ¬ 
ments. 1: 6th-10th hour, 2: 10th--14th hour, 3 : 14th-18th hour, 4: 18th-6th hour. 
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into three parts for the convenience of comparing it with that of the 
daytime. 

There is not a doubt that lh(^ feeding is done mostly in the daytime. 
It is, however, observed that very often the feeding activity becomes 

rather weak in the midday. According to the data obtained from the 

field experiment th(^ amount of food consumed in the daytime is 81.75 

percent of the total of one day ; being 8.8.56 pcTcent in tbe morning 

extending from 6th to 10th hour, 29.90 percent in the noon-time (extend¬ 
ing from 10th to 14th hour and 21.29 percent in the evening covering 
from 14th to 18th hour. During the night it was only 15.21 percent of 
th(‘ total amount of food consumed in one day. 

According to the control experiment <'X(^cuted in the laboratory, 70.08 
percent of the total amount of food of one day was taken in lhf‘ davtim**, 
and in the night the amount of food was 29.19 percent, these are pretty 
large when comi)ared with the figur(‘s obtained from the field ex|)(Timent. 

This difference may be understood when the temperature (mvironnKmt 
is considered. In the field the fluctuation of temperature is rather great 
and moreover the temp('rature falls markedly in tht^ night. Hut in th(' 
room the fluctuation of temperature is small and the temperature in the 
night is rather high. Finally it may be permissible to think that the 
feeding activity of this kind of grasshopper is mainly governed hy the 
temperature? environment. 

11. Relation Between the Feeding Activity and the 
temperature environments . 

From Fig. 4 we can se(‘ the parallelism existing betvvetm the fluctua¬ 
tion of the feeding activity and the variation of the temperature environ¬ 
ments except for the inver.se phenomenon often ohs(‘rved in the midday. 
The rainfall may be looked upon as a factor inhibiting almost all of this 
activity. 

Fig. 5{; shows the mean value of th(‘ feeding activity obtained from 
the field experiment, excluding the data obtained on a rainy day. Fig. 
5 a shows the same secured in the laboratory experiment. Both of these 
figures show the diurnal variation of the amount of food consumed per 
four hours. 

The type of these diurnal variations is obviously different from each 
other. In the case of the laboratory work the fluctuation of the feeding 
activity is exactly in accordance with the variation of the air temperature, 
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5. Showing tho diurnal vari¬ 
ation of the fo(‘ding activity ot IWuvinu 
sp. No. 1. A, laboratory work, h, 
fi<*ld cxp(‘ntn('nt; I: fitli-lOth hour, II: 
lOtlrllth hour, III: I4th-I8th hour, 
IV: iSth T)th hour. 



O ^ W to 

I I i I I i 

^« *• S ® 


h'jg. (). Showing tho vari- 
tion of the feeding activity 
of Prurnrm sp. No. 2. 


but in the case of the field condition this 
activity i.s not parallel with the process of the 
variation of temperature factors. Fig. 6 shows 
the diurnal variation of the feeding activity 
repsesented by the amount of food consumed 
per two hours, th(' data being obtained during 
the period from I8th to 20th day of August. 
Here may be found also the discordance in 
both diurnal variation of the feeding activity 
and of the temperature factors. The maximum 
feeding is seen twice a day, one in the morning 
and the other in the evening ; and the activity 
is weakened at noon time. This phenomenon 
is seen clearly in the data obtained on 18th 
of August (Fig. 7). The amount of food 
consumed was largest in the period extending 
from 6th to lOth hour and also from 14th to 
18th hour. In the period covering from 10th 
to 14th hour when the reading of the black 
heliothermometer went up to 37.7°C. and the 



/ // m IV 

/August iZth 


I’ig. 7. Showing thf' rel¬ 
ation b('tW('(Mi th(' feeding 
a('ti\ity and th(‘ temperature 
enviroments. No. 1. TIk* 
time interval is th(‘ same as 
that .shown in Fig. 5. 
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air temperature was 25.7°C., the amount of food consumed decreased in¬ 
versely to the high temperature. 

If we compare in detail the diurnal variation of the feeding activity 
with that of the temperature environments, we may be able to know 
that the activity is surely inhibited by the high temperature during the 
noon time. The feeding activity seems to decrease when the reading of 
the black heliothermometer goes up above 33-3,TC. and the air tempera¬ 
ture rises above 25-26 

Fig. 8 shows the results obtained on the 20th and 25th of August. 
Comparing these two data we make sure of the fact that the feeding 

activity is governed by the 
temperature reaction and 
also that high temperature 
inhibits the feeding activity. 
On 20th of August, it was 
very fine, the sunshine was 
very bright, but the tem¬ 
perature environment was 
too high for the gasshopper, 
being out of the optimum 
temperature zone of feeding 
activity. Thus the diurnal 
variation of the activity re¬ 
presents the V-ty[)e, showing 
the maximum amount of 
food in the period extending 
from 6th to 8th hour and 
from 16th to 18th hour. 
But on the 25th day of 
August, the inhibiting action 
caused by high temperature 
was observed only in the noon-time (from 10th to 12th hour) and con¬ 
sequently the figure to show the diurnal variation of the feeding activity 
became the Al-type. 

In the laboratory experiment the temperature does not rise so high 
as to cause the decrease of the feeding activity, and thus the A-type 
variation of diurnal activity is seen in this case. 



FiR. S, Showing the rolulioii between the feed¬ 
ing activity and the temp(Tature (‘nvironments. 
No. 2. Th(' time interval is the same ns that shown 
in Fig. 5. 
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III. Solar Radiant Energy as a Environmental 
Temperature Factor. 

I have already mentioned in my previous papers that, in the ecological 
investigation of the insect in which the activity is governed by the tem¬ 
perature reaction of the insect itself, we must pay attention to the body 
temperature of the insect internally and fo the temperature environments 
externally ; and thence we learn that the solar radiant energy, which has 
been almost neglected in the field of ecology, becomes very important in 
acting as one of the temperature factors. 

The relation between the environmental temperature and the amount 
of food consumed per four hours is tabulated in Table 2. 

Table 2. 


The relation betioeen the emnronmental temperature and the 
amount of food consumed per four hours. 


Loboratory 

experiment 


Fi«‘ld experimet 



Air temp. 

Amount 

Air t(*mp. (rcadniK 

Amount 

Reading ot black 

Amount 

of food 

of black heliotherm.) 

of food 

heliotherm. 

(air temp7; 

of food 

16-18X. 

- Kr. 

16 18X. (20.IT.) 

1.140 gr 

16-18X. 


g 

18-20 

- 

18-20 ,21.1 ) 

1.398 

18-20 



20 22 

1.945 

20-22 (26.3 ) 

6.040 

20-22 

(19. ax.) 

i.mo 

22-24 

2.690 

22-24 (29.3 ) 

5.«.S() 

22 24 

an.7 ) 

3.575 

24-26 

4.378 

24-26 (34.1 ) 

4.702 

24-26 

117.7 ) 

3.473 

26-28 

~ 

26-28 

- 

26-28 

^21.9 ) 

4.303 

28-30 

- 

28-30 


28 30 

(22.4 ) 

6.750 

30-32 

- 

30-32 


30 -32 

(^3.1 ) 

6.230 

32-34 

- 

32 -34 


32-34 

r25.6 ) 

5.250 


We can see that the amount of food comsumed in the field experi¬ 
ment is greater than that consumed in the laboratory, when we observe 
both under similar air temperature. This may be understood by th(‘ fact 
that the activity is governed by the temperature reaction. 

In the case of the laboratory experiment we may be satisfied i[ we 
take up only the air temperature as the environmental temperature factor, 
and it may be permissible to think that the air temperature shows the 
body temperature itself, as it does not fluctuate so much and also the 
fluctuation is carried very gradually. 

In the field experiment, however, we must take up the air tempera¬ 
ture, soil surface temperature and the solar radiant heat as the tempera¬ 
ture factors, and in this case the body temperature rises fairly high com- 
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pared with the air temperature, being influenced by the solar radiant 
heat. 

For instance in the case of the field experiment the amount of food 
consumed was about 5 gr. when the air temperature was 20-22”C. and 
was greater than that in the case of the room temperature 24-26'C. high. 
This shows that the body temperature is higher than 24-26^'. being in¬ 
fluenced by the solar radiation \Vhich is 26.3'C. by the black heliothermo¬ 
meter. On the contrary, the amount of food consumed is about 1 gr. 
wh(*n ^he black heliothermometer is 26 28X. and this is almost equal 
to the amount of food cosumed in the case of the room temperature 24 
26'C. high. From this fact we may assume that the body temperature 
may be about 21 2(rC. and it is fairly low^ compared with the reading 
of the black heliothermometer. It is however needless to say that this 
body temperature is of course higher than the air temperature of about 
22T. high. 

It must be noted that in the case of the field experiment the f(‘eding 
activity is very weak when the air tempesature is below 20.C. This 
phenomenon may depend upon the fact that such low temperature as 
20 (b or below may be observed only on a cloudy day or during the 
night and thus the feeding activity is done under the temperature environ¬ 
ment with very weak solar radiation or without it. 

SUMMARY 

In the present paper the relation between the feeding activity of a 
grasshopper, Prumna sp., and the meteorological environment was dealt 
with. 

The feeding activity is mainly governed by the temperature reaction, 
and its diurnal variation represents during the summar time the M-type, 
which has two maximum, one in the morning and the other in the after¬ 
noon, and one minimum during the midday being caused by the high 
temperature. 
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I RHEOPHILOUS WATER-MITES FROM RIVER INOZAWA 
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Mu •<ui InstUutr oj Mtinnr hi/, Jajxui 

With U) 

(‘(1 M.\i<h 1. HttO 

In th(^ \u<u' U)39, a short inttTval occiirrin^^ durin^^ the preparation of 
a i^hvsiolo^iral work, lh(‘ wi iU'r had tlu' pleasant ('Xi)eriene(' of investigating 
a colh'ction of water-initt's ohtain(‘d in the l/u Fc'ninsiila. d'h(^ r(\sults will 
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a[)p(‘ar sef)arat(‘ly in sevoial successive pap(‘rs, as th(' wiiler is unfortu¬ 
nately not at present able to devole the sullicient tim(‘ necessary for th(' 
study of the whole number of specimens. 

4 he pr(‘senl r(‘port on rheophilous water-mit('s is hascnl chielly upon 
mat(‘iials c()llec((‘(l by the wrilt'r hims(‘lf on Jun. 8(h, 1928 alon^ the 

course of th(^ Ri\er Inbzawa tlowir)^ into the I'iay of Simoda. Of th(‘ 
twelve sp('cies, sevam an' introduc(‘d to th(‘ scicmtihc world of this country 
for the first time, and thra^e ar(‘ hk(*ly to form new ca(('pori(‘^. 

The spt‘ci('s her(4n d(‘alt with an* lisl(‘d as follows ; 

1. Calonifx japonicus (UcuiDA) 

2. Lxbcrtia (Pilolrhvriia) Inodermn \ ]Fi’s 

2. Atrnctidrs iAtractides) (llipticus (Maolioi 

1. At met ides (Atrnc tides) stadlen WAi;ri:i{ 

2. Atractides [Atraciides) nipponicus, n. sp. 

b. Atractrde'^ (Rasetria) seniisidus SoKOLOW 

7. Hip^rohntes {lUp^robates) calliper Plia^SKi 

8. Mepapvs {Mepapus) izueiisis, n. sp. 

9. Hraehypoda versicolor (Mhi.lkiO var. 

10. Aturus niiyashitai lU HIDA 

11. Aturus eaudatus, n. sp. 

12. Konpsberpia rnaterna Tlioit 

14) Dr. 4\ lU'HinA th(‘ writ(‘r is under deep obli^jjation for valuabh* 
ci'itit'ism and continuous encouraj'emenl. y\lso thanks are du(‘ to Dr, S. 
Ho/.AWA who has shown hi^h appreciation of, and interest in the* v\ri(er's 
study of th(‘ water-mit(‘s, 

I. Calonyx japonicus (Uciiida) 

f 2 T) 

Mole. IT)dy larK<\ attaining to the length of l.iilimm. 44ie general 
contour tending to develop antero-lat(*ral corners, measuring MOtlim wide 
at tho wid(‘st anterior region. A slight constric'tion exists at approXimat(‘ly 
one third of the total l(*ngth measured from the anterior (‘xtremity. 
Dosterior half encircling a coarstdy circular margin, 'bhickness of th(* 
body is considerable, attaining to ca. 1 mm at the genital area. Skm 
soft, without chitinous plates or [ilatelets. Microscopical at)pearance of 
th(' skin texture is characteristic. Th(‘ whole surfac(‘ of the body, exca^pt 
the epimera and the genital area, is cov(*r(‘d by numerous small conical 
papillae whose tips are directed posteriorly. Neighbouring cones show a 
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Text-fig, 2. Calanyx japonicus (Uchioa). Left, ventral vii'W of male; right, 
texture of skin from dorsal antero-laternl portion (20x5;. 


remarkable continuity through radiating ridges which unite with each 
other (Text-fig. 2, right). Eyes in capsules, one-sided capsule containing 
double eyes. Maxillary organ broad, being provided with a rostrum 
which exceeds in length one third of the basal part (Text-fig. 3, e). 
Mandibles 0.33 mm long, about the same length as palpi and a little 
longer than the maxillary organ. Claws, measuring 0.08 mm long, stout 
and gently curved. Hyaline protrusions narrow and considerably elongated. 
Basal portions broad, widest at a point midway between both extremities, 
and tapering posteriorly to a pointed end (Texl-fig. 3, c & d). Palpi (Text- 
fig. 3, a & b) thick and porose, the lengths of the palpal segments being 
(in mm): 



I 

II 

III 

IV 

V 

Extensor side .., . 

.... 0.02 

0.13 

0.06 

O.Ki 

0.03 

Flexor side . 

.... 0.04 

0.04 

0.06 

0.09 

0.02 








Text-fig. 3. Oilonyx japonicun (Uchida). a, left palpus of male, inner ! 
left palpus of male, outer side; c, dorsal view of mandible; d, ventral 
mandible; e, ventral view of maxillary organ. 

Seen from the side the second segment, broadest of all, is 
^d trapezoidal form, and is provided with a few bristles. T1 
gment is rather blunt distally, being by no means narrowed 
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nificant manner. Its distal prominence which forms a cheliform structure 
with the ventrally inserted fifth segment, does not attain to the length of 
the latter.- 

Epimera in four groups. They are situated so as to surround the 
genital area from four opposite directions, the anterior pair taking a close 
position and the posterior pair being at a distance from each other (Text- 
fig. 2, left). The first epimera, whose inner edges are uniting with the 
maxillary base, are of an elongated equilateral triangular form, the tip of 
which being directed towards the anterior extremity of the genital area. 
The postero-lateral margins of the second epimera are distinctly concave, 
thus forming an angle betw(,'en this concavity and the postero-medial 
convexity of these plates. The third epimeral plates are separated from 
the second epimeral plates by a distance which does not exceed the space 
between the left and right third plates. The inner end of these plates 
are not pointed nor nearly-pointed, but are continuous in short longitudinal 
straight lines. The fourth epim(Ta are obli(iue in position and appear to 
be of spindle-shape. The inner edge lines of the third and fourth epimera 
are nearly straight. All the epimeral plates are coarsely porose, Legs 
porose, devoid of swimming hairs, but a number of moderaU' bristles in 
a row is found along th(‘ dorsal surface of each leg, esptx^ially on the 
ilI-V segments. Similar, but more stout, bristles are arranged along the 
extensor margin of legs, the arrangement being nevertheless sparse. The 



Text-fig, 4. Calanyx japonicwt (UchiDa). Lett, genital area of male; ri^ht, 
genital area of female. 
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distal segments of all legs end in two strong claws which are characteristic 
of the other members of the genus Calonyx. These claws are of sickle- 
shape and contain twenty or more teeth, of which th(^ fourth or the fifth 
counted from the outer side, is most predominant. 

Genital area occupying the area of 0.33 mm x 0.26 mm, its outline being 
pear-shaped, lying almost equi-distant from all the epimera (Text-fig. 2, 
left). A pair of poorly developed genital plates is present, enclosing the 
anterior half of the outer margin of the genital area. These plates are 
represented by only narrow chitinous stripes, which are just wide enough 
to support the bristles (Text-fig. 4, left). The latter are about 17 in 
number, in.serted along each genital plate, their size increasing in the 
anteroposterior direction. Insic^e the genital plates are arranged many 
acetabula, each stipitate with an elongated oval head. They are planted 
broadly in two rows on each side, increasing in size posteriorly. The 
number of acetabula counted in four males is reproduced as follows: 


Left. 28 22 23 24 

Right . 25 26 22 27 


Immediately around the genital lips, which attain to two-thirds of the length 
of the genital area, is an eminently convexed genital field. This field is 
densely covered by numerous short filiform papillae. Outside this field the 
genital area is smooth-skinned. Excretory pore lying slightly anteriorly to 
the midway point between the genital area and the posterior body margin. 

Colour reddish Vermillion. Eyes black. 

Female, Far larger than the male, attaining to 2.17 mm long and 
1.77 mm wide at the widest anterior portion. The medio-lateral constric¬ 
tion is not remarkable, and the whole body resembles a quadrate whose 
comers are rounded off. The skin texture, maxillary organ, mandibles 
and palpi are in good agreement with those of the male, ^fhe postero¬ 
medial extremities of the first and the second epimera uniting to form a 
proboscis-like projection ; the third and the fourth epimera are like those 
in the male (Text-fig. 5). 

Genital area is situated at the centre of an imaginal trapezoid formed 
by joining the four groups of epimera. The genital plates are exactly 
similar to those of the male, bearing about 17 bristles on each plate 
(Text-fig. 4, right). Number of acetabula shows a considerable variation 
in different individuals; such as (counted in four females) ; 
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Text-fif?. 5. Calonyx japonicu) (IIchida), Ventral view of female. 


Left. 31 Zi 29 2H 

Light . 26 23 29 30 


There is a small chitinous supporting piece at the anterior extremity 
of the genital lips, around which the skin is furnished with conical papillae 
like those on. other parts of the body, but not with the filiform ones 
specialized in the male specimens. Colour and eyes same as the male. 

Locality, Four males and four females were collected from beneath 
stones in a tributary of tiie River Inozawa near Yakusu on Jan. 27th, 
1939. 
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Remarks. These specimens are closely related to Protzia japonica 
described by UcHiOA (1934) from Hokkaido, Japan. According to personal 
communications from Dr. UcHiDA, he is now of opinion that the specimens 
which were formerly r(‘ported as P. japonica should be correctly identi¬ 
fied as Calonyx japonicus, hence this name is adopted also for the present 
Calonyx-^peclmeus. The characteristics described in the present materials 
show some resemblance to those of C. rotundus (Walter), but are 
unquestionably distinguished from the latter on account of the presence 
of a large number of the genital acetabula in both sexes. 

2. Lebertia (Pilolebertia) leioderma Viets 
(Text-fiKS. H) 

Male. Body thick, about 0.88 mm of thickness, having smoothly rounded 
outline, being l.lbmm long and 1.05 mm wide at the widest middle part. 
Skin very thin and fragile, furnished with irregularly scattered fine spotlets 
(Text-fig. 6, a). On the dorsal side no thickened chitinous structure is 
seen except around the eyes and the respective gland apertures. Gland 
papillae with accessory hairs arranged in four pairs in two rows on each 
side. Maxillary organ 0.25 mm long, attaining approximately to two- 
thirds of length of palpi (Text-fig. 6, b). Mandibles slender and elongated, 



Xext-fig. 6. Lebertia {Pilo.) leioderma ViETS. a, texture of skin from dorsal 
median portion (8x1); b, side view of maxillary organ; c, left palpus; d, right palpus. 
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slightly exceeding the length of the maxillary organ. Palpi (T(xt-hg. 6, 
c & d) of moderate size, elegantly constructed, lengths of segments are 
(in mm) : 


I II III IV V 

Extensor side . 0.03 0.17 0.12 0,16 0.04 

Flexor side. 0.03 0.10 O.OH 0.14 0.01 


First segment small, with one long bristle at the distal extensor 
margin. This terminal bristle reaches beyond the proximal as far as 
one third of the length of the second segment. Second segment, broadest 
of all, having 0.08 mm of height at th(‘ highest portion. Extensor margin 
well arched, roughly forming two sides of an obtuse angle, being re¬ 
markably reflected at about two-fifths from the proximal level. Four 
bristles implanted along the extensor surface. Flexor side slightly curved 
ventrally, but is bettci’ described as forming a straight line. A long 
whip-like bristle arises at a point close to the distal end of th(‘ flexor 
margin. Third segment club-sha])ed, narrowed towards proximal end. 
Five long feathered bristles arrangt'd on the inner surface, two of them 
arising from more proximal levels and th(‘ other three from the distal 
margin of the segment. Of these three distal bristles, the one medially 
located is markedly shifted to the ventral one. All these feathered 
bristles attain to at least the whole length of th(‘ fourth segment, the 



Text-fi^. 7. Lebertia (Pilo.) leioderma Left, opimera and K^^nital aroa 

of male; right, epimera and genital area of female. 
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most proximal one being the longest. Fourth segment slender, obviously 
tapering distally, being almost as long as the second segment. Along 
the flexor edge two hair-pores are present, one being seen at a point 
midway between the proximal and the distal extremities of the segment, 
the other at the level of distal quarter. Close to the distal end of the 
extensor surface are arranged five hairs. Fifth segment ending in two 
claws. Except the distal and the penultimate segments, all segments 
exhibiting a tendency to porosity. 

Epimera united to form a wide rounded plate covering approximately 
two-thirds of area of ventor (Text-fig. 7, left). Epimeral plates sculptured 
with coarse pores, several of them aggregating irregularly. First epimera 
narrow, extending their tips anteriorly a little beyond the anterior margin 
of the body. A deep pocket for the maxillary organ is formed between 
both components of the pair. Posteriorly the first epimera ending in a 
sharp point which is lying slightly anteriorly to the midway point between 
the genital area and the maxillary base. Second epimera also narrow, 
attaining to the genital area by a pair of sharp point ends. Outer sutures 
1t>etween the second and the third epimera vanishing posteriorly far an¬ 
terior to the inner sutures which are continued just to the anterior ex¬ 
tremity of the genital area. Third epimera'showing postero-lateral ex¬ 
tension at the outer sides, narrowing posteriorly. Suture lines between 
the third and the fourth epimera do not reach the inner extremity of 
the plates. Fourth pair, widest of all, with gently rounded sides and 
slightly concave inner border. Postero-medial ends of the plates are 
represented by short transverse lines which form an angle of a little 
over 90“ with the longitudinal inner borders. Somewhat condylous 
thickenings are present at the posterior ends of the second, third and 
fourth epimera. Legs weak, and rather short as compared with the 
body. Swimming hairs are found in small numbers (5-10) at distal 
flexor portion of the Vth segment of the second leg and of the IVth 
and Vth segments of the third and the fourth legs. Stout spines and 
bristles arranged around the distal margin and on the dorsal and ventral 
surfaces of each segment of all legs. Sixth segment ending in two claws, 
each with two accessory claws and lamina (Text-fig. 8). 

Genital area 0.22 mm long and 0.17 mm wide, two-thirds of its length 
anteriorly being enclosed by the epimeral plates. Sclerites for muscle 
attachment developed, the posterior one being larger than the anterior 
one (Text-fig. 7, left). More than twenty hair-pores are seen along the 
inner edges of genital valves. Genital acetabula are six in number, 
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arranged in two longitudinal rows. First 
pair elongated elliptical; second pair elon¬ 
gated rectangular; third pair smallest with 
shortened rectangular outline. Excretory 
pore opens ventrally. 

Colour yellowish brown with green pat¬ 
terns. Eyes black. 

Female. Body 1.17 mm long and 1.00 
mm wide, having thickness of 0.84 mm. 
Almost all features agree with those of the 
male, sexual dimorphism being insignificant 
(Text-fig. 7, right). 

Locality. Six males and four females 
were collected from the main stream of 
the River Inozawa, at Otiai on Jun. 8th, 
1938. 

Remarks. The present specimens show 
marked resemblance to L. {IHlo.) leioderma 
ViETS reported from Germany. However, 
clos^T observation revealed that the distal 
median feathered bristle of the third palpal 
segment is more closely shifted to the 
ventral one than in the German species, 
and that the hair-pores at the flexor margin 
of the fourth segment are lying more distally 
than in the German species. Moreover, the 
angle of the postcro-medial edges of the 
fourth epimera is greater than 90"" in the 
present materials, and smaller than 90'‘ in 
the German species. Nevertheless, such 



Text-fig. 8. Lehertia (Pilo.) 
leioderma Vli.TB. Right fourth 
leg, ventral view. 


morphological disagreements found between the Japanese and the German 


specimens seem to be insufficient to separate these creatures in different 


categories. 


3. Atractides (Atractides) ellipticus (Maglio) 

(Text-figs. 9 Sk JO) 

Female. Body 0.61 mm in length by 0.44 mm in breadth; dorso- 
ventral dimension 0.16 mm. Outline elliptical, showing somewhat parallel 
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lateral borders. ''Frontal margin between the eyes slightly convex (Text-fig. 
9, c). Antenniform bristles poor in development. All of the anterior 
accessory shields are completely freed from the posterior principal shield 
which is covering almost the whole surface of dorsum. Anterior two- 
fifths of the principal shield narrowed to form a blunt protrusion with 
gently arched anterior extnmiity (Text-fig. 9, a). Groups of coarse porous 



Text-fig. 9. Atractules ^/l.) cllipticus (Maglio). a* dorsal view of female; b, 
ventral view of female; c, anterior frontal portion of female. 

patterns chtiracteristic to the European and the Russian forms are not 
obviously pointed out on the principal shield. Gland papillae with acces¬ 
sory hairs are very much reduced in number, being represented by a 
pair of centrally located ones. The anterior pair of accessory shields 
narrower and smaller than the posterior pair. The latter tapering postero- 
laterally. Maxillary organ 0.36 mm long, elegantly constructed (Text-fig. 
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10). Rostrum narrow and elongated, attaining to about 0.15 mm in length ; 
anterior end of rostrum curved dorsally. Basal portion of the maxillary 
organ extending ventrally, attaining to a height of 0.13 pim at the highest 
portion. Mandibles elongated, exceeding the whole length of the maxillary 
organ. Palpi, shorter than the maxillary organ, distinctly narrowed at 
distal and proximal dinactions. Outer side of palpal segments, (‘xcc'pt 
the distal and the proximal ones, coai'sely porose. Measurerm^nts given 
for lengths of each s(‘gment are (in mm) : 



1 

II 

111 

IV 

V 

KxUMisor .... 

. . .. 0.01 

0.12 

0.05 

0,10 

0.02 

Kl<‘\or side. 

_ 0.02 

0.10 

0.05 

o.os 

0.02 


Second segment, broadest and longest of all, narrowed proximally 
and forming somewhat vv(‘dge-shaped contour. On the gently curved 
extensor margin are arranged several small bristles. Flexor margin straight, 
having a small hyaline process and a small bristle at its distal extremity. 
Third segmeml short, slightly narrower than the clistal half of the second 
segment. Extensor surface^ deficient of bristles and hairs. A small hyaline 
process similar to that of thf^ former .segment is seen at the distal ex¬ 
tremity of the fh'xor surface. IA)urth segment, narrower than the first 
segment, rather tapering distally. At approximately the median portion 
of the flexor edge three minute conical processes are present, each Ix'ing 
accompanied by one bristle. Fifth segment, minutest of all, ending in 
four blunt claw's. 

Epimera attaining to the length of 0.70 mm, covering almost the w’hole 
ventral surface, and extending anteriorly far beyond the anterior body 
margin (Text-fig. 9, b). Pocket for the maxillary base narrow and deep, 
developing over anterior half of the first epimera. First epimera ending 
slightly anteriorly to the genital area, in sharply pointed end. Postero¬ 
medial border of the second and the third epimera forming the antero¬ 
lateral margin of the genital area. F'ourth epimera, broadest of all, 
surrounding the posterior two-thirds of the genital area. Lateral border 
of the fourth epimera somewhat parallel ; posterior border rounded. Legs 
slender and short, none of them attaining to the length of the body. 
Swimming hairs absent. Spines and bristles arranged around the distal 
margin and on the extensor surface of each segment. Last segment 
ending in two claws, each with two accessory claws and lamina. Genital 
area 0.18 mm in length by 0.17 mm in breadth, lying at a level two- 
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Text‘fig. 10 Atractides (A,) ellipticus (Maguo). Maxillary organ, mandibles 
and palpi of female. 


thirds the length of the epimera from the anterior end. Genital plates, 
fringed by numerous minute hairs, developing the antero-lateral corners, 
and rounded posteriorly. Acetabula twelve in number, arranged in two rows. 
Excretory pore opens wholly posteriorly near the posterior body margin. 

Colour black with yellow streaks. Eyes black, double in capsules. 

Locality, One female was secured in the main stream of the River 
Ino/awa, at Mitukuri, on Jun. 8th, 1938. 

Remarks, The species is an Eurasiatic form widely distributed from 
Europe to the Ussuri region. The lack of porous pattern for muscle 
attachment on the dorsal principal shield, and the considerable reduction 
in the number of gland papillae appear to indicate a slight deviation of 
the present specimen from the specific characters. 

4. Atractides (Atractides) stadleri Walter 

(Text-figs. 11-14) 

Male, Body 0.77 mm long excluding the anterior extension of the 
epimeral plates, and 0.61 mm wide at the widest portion. A slightly 
rounded ovtil in outline. Anterior frontal margin between the antenniform 
bristles distinctly concave (Text-fig. 11, c). Two pairs of anterior accessory 
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shields are freed from the principal dorsal shield which covers almost the 
whole dorsal aspect of the body (Text fig. 11, a). Anterior pair of the 
accessory shields are smaller than the posterior pair, and having some 
what rectangular outline. Posterior pair connecting to the principal shield 
along the antero-lateral margin of the latter. At approximately median 
portion of the principal shield there is a pair of porous patterns said to 
be the external appearance of structure for muscle attachment. Each 




Text-fig. 11. Atractides (>1.) atadleri Walter, a, dorsal view of male; fi, ven¬ 
tral view of male; c, anterior frontal portion of male. 

group of these patterns occupying a narrow elongated area. Maxillary 
organ broad, with very poorly developed rostrum (Text-fig. 12). Claw 
of the totndible rather straight. Palpi 0,18 mm long, somewhat stout in 
appearance. Measurements given for each palpal segment are (in mm): 
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I 

n 

III 

IV 

V 

Extensor side . 

. O.O.S 

O.OK 

0.05 

0.07 

0.04 

Flexor sid(‘. 

. 0.02 

0.05 

0.05 

OJC) 

O.OS 


First sej^ment small, with a short bristle at the distal end of the ex¬ 
tensor surface. Second se^rment, broadest of all, and almost as lon^ as 
th(‘ fourth segment. On th(‘ well-curved extensor side are found four 
short biistles. Flexor surfai'e slightly concave towards proximal end, 
having an elongatf'd feathered bristle at lh(‘ distal extr(*mity. Third seg¬ 
ment, slightly narrower than the former, having two bristles and a hair 
on the extensor surface, and a long feathered bristle, as long as that of 

the second segment, at the 
distal end of the flexor sur¬ 
face. Distal margin of this 
segment distinctly covering 
the basal portion of th(' fourth 
one. Fourth segment .short 
and stout in aj)pearance. A 
few hairs arising from the 
extensor surface, and a long 
bristle and a hair of moderate 
kmgth are present at the level 
slightly distal to the middle 
portion of the flexor surface. 
The long bristle on the flexor 
edge more or less exceeding 
the distal end of the fifth 
segment. At the distal end 
of the inner surface of the 
fourth segment is planted a 
short strong spine. Distal 
margin of the same segment 
has a process on the outer 
surface and two processes on 
the inner surface. Fifth segment tapering to four slender claws. 

Kpimeral region attaining to 0.71 mm long, covering nearly three-fourths 
of ventor (Text-fig. 11, b). Maxillary pocket narrow and deep, slightly, 
overlapping one half the length of the first epimera. First epimera end- 



Text-fig. 12. Atraclides ^ A.) stadlcri Waltkk. 
Maxillary or^^an, mandible.s and palpi of male. 
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ing posteriorly considerably anterior to the genital area. Lateral and 
posterior border of the fourth epimera markedly rounded. Legs short 
and slender, none of them being comparable with the body length. 
Swimming hairs lacking. Several spines and bristles arranged around 
th^' distal margin and on the sides of each segment. Distal segment 
ending in two claws, each with two accessory claws and lamina. Genital 
area lying broadly at a level two-thirds the length of the epimera from 
the anterior end. Genital plates wide, shouldered at the antero-lateral 
edges, and slightly extending laterally at the postero lateral ones. Acetabula 
twelve in number, arranged in two rows. Excretory pore opens at a level 
one third the distance between the posterior border of the fourth epimera 
and the posterior body margin measured from the anterior end. 

(’olour black with yellowish white patterns. Eyes black, double in 
capsules. 



I'ext-fig. 13. Atractides (A.') stadleri Walter. dorsal view of female; 

right, ventral view of female. 


Female. Body oval, widened posteriorly. General contour seeming 
to be a little narrovver than the male. Length, excluding the epimeral 
protrusion, 0.72 mm by 0.60 mm in breadth at the widest posterior part. 






m 


M. ENAMI 


r 

III accordance with the narrowed contour of the dorsal surface, the 
principal dorsal shield is more or less narrowly elongated in outline as 
compared with that of the male (Text-fig. 13, left). Maxillary organ 
0.18 mm long, broad and with a short rostrum curved slightly downwards 
(Text-fig. 14). Palpi 0.18 mm long, almost equally long as the maxillary 
organ. Characteristic arrangement of the feathered bristles at the distal 
extremity of the second and the third segments, and other features com¬ 
pletely agree with those in the male. However, the long bristle on the 
flexor surface of the fourth segment is rather shorter than that of the 
male, but overlapping the distal extremity of that segment. Epimera 
and legs showing close identity to those in the male (Text-fig. 13, right). 
Genital plates, shouldered at the antero-lateral corners, but narrowed 
posteriorly, being in the form of triangles. Excretory pore opens at 
approximately the middle portion of the space between the posterior 
border of the fourth epimera and the posterior body margin. Colour 
and eyes same as the male. 



Text-fig. 14. Atractidet (u4.) stadleri Walter. Maxillary organ, mandibles and 
palpi of female. 


Locality. One male and one female were collected at Otiai, from the 
main stream of the River Inozawa, on Jun. 8th, 1938. 

Remarks. A. {A) stadleri Walter has been reported from Germany 
and France. The present specimens agree in principal feature# with the 
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species above mentioned. However, the presence in the present animals 
of a long bristle on the flexor surface of the fourth segment seems to 
indicate a slight variation of them from the European specimens. 

5. Atractides (Atractides) nipponicus, n. sp. 

(Text-figs. 15-18) 

Male, Body elliptical in outline, measuring 0.61 mm long without the 
anterior extension of epimera, and 0.50 mm wide at the widest portion. 
Body flattened dorso-ventrally in remarkable way, being 0.16 mm of 
thickness. Anterior frontal margin between the eyes gently convex (Text* 
fig. 15, c). Antenniform bristles minute. All the four accessory shields 
completely separated from the principal one which covers almost the 
whole surface of dorsum (Text-fig. 15, a). Anterior pair of accessory 
plates rather smaller than the posterior pair. Posterior pair tapering 



Text-fig. 15. AtTf$Ctidet (A) nippanicus, n. sp. a» dorsal view of male; b, vent¬ 
ral view of male; c, anterior frontal portion of male. 
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postero-laterally along the anterior margin of the principal shield. More 
than one third of the principal shield narrowed anteriorly to form a 
blunt protrusion, along both sides of which are arrangi d the accessory 
shields. 

On the principal shield there is no visible pattern of complicated 
pores, and only one pair of gland papillae with accessory hairs is seen 
at approximately the median portion of the shiedd. Maxillary organ 
appears massive, consisting of a short rostrum and a l)road basal portion 
(Text-fig. 16). Total length of the organ measuring 0.29 mm ; rostrum 
only being about 0.09 mm. Maximal height of the basal portion attaining 
to 0.16 mm. Mandibles (‘longaled, their posterior parts exceeding the 
basement of the maxillary organ. Palpi, a little shorter than the maxillary 
organ, being narrowed at distal and proximal directions. Lengths of each 
segment are (in mm): 


1 II III IV V 

Extensor side . 0.04 0.11 0.05 O.Oy 0,02 

Flexor side. 0.02 0.09 0.05 0.06 0.03 


First segment small, but somewhat high in appearance, having a 
bristle at the distal extensor margin. Second segment, broadest of all, 
distinctly narrowed proximally, having gently convexed extensor surface 
and rather straight flexor edge. A few bristles in.serted along the ex¬ 
tensor margin, and a small conical hyaline process is found at the distal 
flexor margin. A long, but slender, bristle arising from the outer base 
of the process. Third segment .short, but almost equally as wide as the 
former segment, having a few bristles on the curved extensor edge and 
a small conical process at the distal end of slightly concave flexor margin. 
A bristle similar to that of the second segment is inserted at the inner 
base of this process. Fourth segment elongated, but shorter than the 
second one, being narrowed distally. A minute hair is found on the 
curved extensor margin, and three bristles, one large ahd tU'o smaller, 
arising from a level midway between the two ends of the concave flexor 
surface, each bristle beipg inserted at the base of the corresponding small 
conical process. Fifth segment, minutest of all, ending in four small claws. 
Epimera covering almost the whole, surface of ventor, remarkably pro¬ 
truding anteriorly beyond the anterior body margin. Total length attain¬ 
ing 0.67 mm ; maximum width 0.49 mm. Pocket for the maxillary base 
broad and deep, ending posteriorly at a level three-fifths of tiie length of 
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IVxtTiR. IG. Atractidf's < A.) nipponicus^ n. sp. Maxillary organ, mandibles and 
palpi of male. 


the first epimera measured from the anterior end. First epimera ending 
posteriorly far anteriorly to the genital area (Text-fig. J5, b). Postero¬ 
medial borders of the second and third epimera forming the anterior 
extremity of the genital area. Fourth epimera, widest of all, completely 
surrounding the lateral and posterior parts of the genital area. Lateral 
margins of the fourth epimera gently arched, posterior margins somewhat 
straight. Legs short as compared with the body. Genital area lying at 
approximately a level two-thirds the length of the epimera from the an¬ 
terior extremity, being considerably elongated. Genital plate elongated, 
slightly widened anteriorly and gradually narrowed to rounded posterior 
edges. They are fringed by a number of minute protective hairs. Ace- 
tabula twelve in two rows. Excretory pore opens far behind the ventral 
surface, just posterior to the posterior border, of the fourth epimera. 

Colour black with white patterns. Eyes black, double in capsules. 

Female. Outline oval, slightly shouldered at arttero-lateral corners. 
Length 0.66 mm excluding the anterior elongation of epimera; breadth 
0.55 mm. On the dorsal principal shield is present a pair of porous 
patterns at approximately the central portion (Text-fig. 17, left). Number 
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of gland papillae greater than in the male. Maxillary organ, mandibles 
and palpi agree in minutest details with those in the male (Text fig. 18). 

Epimera attaining 0.65 mm long, somewhat shorter in relation to 
those of the male (Text-fig. 17, right). First epimera elongated to just 
the anterior extremity of the genital area. Second and third epimera 
ending postero-medially in oblique-cut end which forms an extended 
antero lateral margin of the genital area. Lateral and posterior borders 
of the fourth epimera rounded. Genital area shorter, but wider than in 
the male. 

Genital plates developing antero^lateral corners and slightly widened 
at posterior part. Excretory pore opens just posterior to the posterior 
border of the fourth epimera, and is considerably shifted anteriorly from 
the posterior body margin. Colour and eyes as in the male. 

Locality, One male and seven females were collected near Mitukuri, 
from the main stream of the River Inozawa, on Jun. 8th, 1938. 

Remarks, The present species resembles in several features A. {A,) 
brevirostris Halbert. However, the facts that the frontal margin of the 
present specimens has a convex outline, and that the height of the 
maxillary base exceeds the length of the rostrum, and further that the 
genital area in the male is distinctly elongated, appear to be enough to 
separate the present^ specimens from the species mentioned above. 

6. Atractides (Rusetria) semiautus Sokolow 
(T extfigs. 19-22) 

Male, Body elliptical, rounded at anterior and posterior extremities, 
0.66 mm in length excluding the anterior elongation of the epimera. 
Maximum breadth 0.55 mm at the median portion of the body. Dorso* 
ventral dimension attaining approximately one half the maximum breadth. 
Dorsal surface covered almost entirely by a wide principal shield, having 
similar contour with the dorsal peripheries, but being a little reduced in 
its area. Free accessory shields are represented by only a pair of small 
plates covering the area just anterior to the principal one. Posterior 
accessory shields fully united to the princial one at antero-lateral corners 
of the latter. Fused margin between these shields obviously observed 
for the sake of a subdermal chitinous thickening, which becomes obscure 
towards posterior direction. On the central median portion of the 
principal shield is found a pair of porous patterns, each being limited to 
a rather narrow area and closely approached by the next one (Text-fig. 
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rext-fiK 19. Atracttdi^s (R.) semi.mtus SoKOi.ow. a, dorsal view of male; b, 
ventral view of male; <•, anterior frontal portion of male. 


19, a). Anterior frontal margin between the eyes gently convex (Text-fig. 
19, c). Antenniform bristles poor in development. Maxillary organ 0.36 
mm long, longer than palpi, but shorter than mandibles (Text-fig. 20). 
Rostrum elongated, attaining 0.14 mm in length. Anterior apex of the 
rostrum slightly elevated dorsally. Mandibjes long, 0.43 mm in length, 
hcwing well-curved claws. Palpi, remarkably narrowed distally, lengths 
of each segment are (in mtn): 



I 

11 

Ill 

IV 

V 

Extensor side . . . . 

. 0.05 

0.12 

, 0.06 

0.10 

0.02 

Flexor side. 

. 0.04 

0.09 

0.04 

0.06 

0.02 
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First segment small, but giving considerable basement to the whole 
palpus. Second segment, longest and broadest of all, having narrow 
base, and widened distally. Along the gently arched extensor surface 
are inserted four bristles and a minute hair. Flexor margin slightly 
concave at distal half, having a flat triangular process at its distal end. 
A moderately sized bristle arising from the proximal base of this process. 
Distal margin of the second segment obviously covering the proximal 
portion of the third segment. The latter, equally wide as the former 
one, considerably reduced in its length. Some two bristles are found on 
the extensor (‘dge, and a small triangular process with a basal moderate 
bristle at the distal end of th(' flexor side. Fourth segment narrowed 
distally, rather insignificant of dimension, having several hairs along the 
extensor surface. Midway between both extremities of the Hcxor surface 
are found a long proximal bristle and two shorter distal hairs, each of 
them arising from the base of respective small triangular process. Distal 



part of the segment covering dorsally one half the length of the fifth 
segment. Fifth segment, smallest of all, being represented by four blunt 
claws with protective hairs. Lateral and posterior borders of the fourth 
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epimera are circular in outline, extending to the level of the posterior 
one sixth of the whole length of venter (Text-ftg. 19, b). Receptacular 
pocket between the first epimera ending posteriorly in distinctly narrowed 
bay. Anterior tips of the first epimera bearing two pairs of long bristles. 
First epimera ending posteriorly in a blunt pointed end, considerably anteri¬ 
orly to the genital area. Second epimera narrowest of all; suture lines 
between the second and the third epimera attaining to one half the length 
of the second epimera towards postero-medial direction. Third epimera 
with warty processes at the antero-lateral corners. Fourth epimera, widest 
of all, completely surrounding the posterior three-fourths of the genital 
area. Legs short and slender, anterior three pairs not exceeding the 
body length. Swimming hairs wholly absent. Several spines and bristles 
arranged in circlets around the distal margin and the more proximal 
parts of each segment. Sixth segment of each leg ending in two claws, 
each of them with two accessory claws and lamina. Genital area lying 
at approximately central portion of ventor, being of 0.17 mm long and 
0.15 mm wide. Acetabula twelve in two rows. Excretory pore opens 
midway between the posterior border of the fourth epimera and the 
posterior body margin. 

Colour black with yellowish white patterns. Eyes black, double in 
capsules. 

Female, Body the same length as that of the male, 0.66 mm, but 
slightly wider than the latter, being 0.60 mm at the widest middle portion. 
Outline oval. In most of the external characters the female st>ecimen 
agrees with the male (Text-figs. 21 & 22). 

Perceptible differences are pointed out in the form of the receptacular 
pocket for the maxillary organ, and in the form of the genital plates. 
The former has a rounded posterior end, wider than that of the male; 
the latter shouldered at the antero-lateral portions obviousFy to a greater 
degree than in the male. Furthermore, the lateral and the posterior 
borders of the fourth epimera following a pronouncedly rounded outline, 
being far more rounded than in the mide. Colour black with yellowish 
white patterns. Eyes same as in the male. 

Locality, Six males and one female were collected on Jum 8th, 1938 
from the main stream of the River Inozawa, at O'Kiti-ga^-Futj. 

Remarks, The species is known in Ussuri region. It shows a close 
resemblance to A, {R,) ungeri fiteALAY, but m separable front the latter 
in havmg only two bristles at the apex of the first epimera. ’ The present 
Japanese specimens agree with Sokolow’s description, except for a kmg 
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bristle a4; the middle portion of the flexor surface of the fourth palpal 
segment in the Japanese specimens. 


7. Hygrobates (Hygrobates) calliger Pikhsk; 

23 2r»: 

Male. Body rounded in outline, slightly extending anteriorly. Length 

0.66 mm ; breadth 0.55 mm at the widest 
middle portion. Body dorsally vvelharched, 
dorso-ventral dimension being 0. Llmm. 
Ventor almost flat, Skin decidedly thin, 
fragile, apparently finely ridged with trans¬ 
verse parallel ridges which are observed as 
narrow, pointed elevations along the peri¬ 
pheral margins (Text-fig. 23). On the dorsal 
side no chitinous thickening is present except 
around the gland ap(Ttures. Maxillary organ 
fused with the first pair of epimera in the 
posterior half, mc'.asuring O.IOmm in breadth 
at the anterior extremity. Posteriorly the 
basal portion of the maxillary organ some¬ 
what narrowed (Text-fig. 24, a). Mandibles 
short. Palpi (Text-fig. 24, b & c) more 
than one third of body length, segments 
measuring (in mm): 



23. Hygrobates (H.) 
calliger Piersig. Texture of 
skin from dorsal antero-lateral 
portion (20x5). 


1 m IV V 

Extensor side . 0.03 0,12 0.09 0.13 0.05 

Flexor side. 0.04 0.00 0.06 0.10 0.05 


First segment short, having a minute bristle at the distal end of the 
extensor surface. Second segment, broadest of all, and widened distally, 
with rounded extensor margin and concave flexor one. Along the extensor 
surface several small bristles arranged in alternate position. From the 
distal extremity of the flexor surface a high process arises with narrow 
base, being covered wdth coarse chitinous denticles which are enriched 
on the outer side. Third segment of almost equal breadth as the former 
one at its proximal end, slightly narrowed distally. Flexor surface some¬ 
what convex, with distal two-thirds of araa covered by a number of 
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cbitinous denticles which are chiefly delimited on the outer surface of 
the segment. Extensor surface provided with a few bristles similar to 
those of the second segment. Fourth segment, longest of all, narrowing 



24. IJygrabates (H.) calliger PiKRSir.. a, epimera and genital area of 
ilc; b, left palpus of male; right palpus of male. 


eptibly at both ends, having two ventral hairs on the distal half of 
flexor margin, several hairs around the distal portion, and a long 
• at the proximal i>ortion, at one third of the level on the inner sur- 

?. Fifth segment ending in two claws and two hairs. Epimeral region 

licircular in rough contour, covering more than two-fifths of length of 
V. ^cr (Text-fig. 24, a). First pair united with the maxillary organ on 

.he inner posterior half, having outer (Mlge confused with the second pair 
m the anterior half, and expanded out in the posterior half over the 

second. Posterior extremity of the first epimera forming gently rounded 
protrusion. Second pair, shorter than the first, united obliquely to lh(‘ 
first one, separated from the third one by a narrow interval. Third 
pair, shorter than the second one, nearly wedge-shaped, tapering towards 
nner end. Suture lines between the third and the fourth epimeia do 
•ot reach the inner extremity of the plates formed by fusion of these 
VO pairs. Fourth pair, largest of all, being almost pentagonal in form, 
ateral margins tending to develop postero-laterally. Innei* end of the 
late modified into a blunt process. Between these processes on both 
sides occupying a moderately widened space. Posterior borders of the 
plates show transverse straight lines. Along the anterior and posterior 
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corners of the inner margins are present thickened subdermal 
each bearing a hair. Legs slender, wholly destitute of swimmin 
Around the distal tnargin and on the dorsal and ventral surf 
arranged long(‘r or shorter bristles. Genital art'a lying nearly, c 
central portion of ventor, occupying the length of 0.13 mm and the wi 
of 0.18 mm. Anterior portion of genital area is found in a pf)siti» 
slightly posterioj- to th(' posterior border of the fourth epimera. At t’ 
anterior and posterior ends of the genital aperture are respectively f 
small chitinous scha'ites for muscle attachment. Genital plates unitin; 
th(‘ extremities, surrounding th(‘ genital lips. Posterior to the ge 
aperture is pres^mt a dec^p hay freed from th(‘ genital plate. The * 
of a genital plate resembh's a cocoanut. Acetabula three in numbe 
each genital plate*, arranging roughly at thre<‘ angles of a triangle, 
anteriorly, the other two being shifted posteriorly. Genital plates an 
fringed by a number of minute hairs. Kxcretory pore opens midwa' 
h('tween the genital area and the posterior body margin. 

(\)lour brown. Eyes black. 

Female. Femal almost equal in si/e to the male, attaining to 0.6( 
in length and 0.61 mm in width. It differs from the male only Ir 
form of the genital area (Text-fig. 25, c). In this sex, the genital apei 



rext-tiK. 25. Hygrobates (//,) calliger Piersig. a, right palpus of female; b, 
left palpus of female; c, epimera and genital area of female. 
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is demarcated at l)Oth extremities l>y two crescent-shaped sclerites ior 
muscle attachment, each of them attaining to a considerable size, the 
anterior one being larger than the posterior one. Cienital plates widely 
separated from the aperture, each having elongatefl outline reseml)ling 
(h(‘ shap(* of a b(‘an. Acetabula arranged in alternate positions roughly 
along the longitudinal direction, Kggs spherical, 0.11 mm in diameter. 
(\>lour and eyes same as in th(‘ mal(‘. 

Locality. Kight males anfl nin(' females were secuiaTl along th(‘ course 
of th(‘ main stream of th<^ Kiver Inb/awa on dun. 8th, 1938. 

Remarks. The species is known in various places in Kurop(\ Although 
th(‘ pres(‘nt specimens generally agr(‘e with the Kuropean materials, th(‘y 
apjxxir to differ from th(‘ latter in a slight degree in the form of th(‘ 
fourth epimera and of the male genital area ; that is, the present speci¬ 
mens show (h(‘ postero'lateral portion of tlie fourth ei)imera slightly ex- 
t('nded outwards, and the posterior furrow of the mal(‘ genital an^i 
deeper than that of the luiropean forms. 

8. Megapus (Megapus) izuensis, n. s[). 

l oxi-fi/Lcs. 2a 20 1 

Male. Body small, being 0.33 mm long and 0.27 mm wide at the 
wddest portion. Outline short elliptical, obscurely developing antero lateral 
and postero-Iateral corners (Text-fig. 20, left). Anterior edge-line s(rm(*- 
what transversely straight: posterior margin well arched. On the dorsal 
surface are not observable any chitinous plates nor platelets, exc(‘pt an 
in.significant thickening of chitin around the gland papillae. Eyes double, 
do not appear to be enclosed in capsules. Skin thin and fragile, without 
any distinct structures. Antenniform bristles stout and considerably elon¬ 
gated. Gland papillae with respective accessory hairs and bristles arranged 
in four rows, the outer ones consisting of four t)apillae and the inner 
ones of five. Bristles accompanying the second and the third papillae of 
the inner pair of these rows are very significant. Maxillary organ 0.13 
mm long; rostral portion is much reduced. Mandibles 0.22 mm long, 
their basal portion being prolonged posteriorly far beyond the posterior 
extremity of 'the maxillary base. Claws large, falciform, being well curv¬ 
ed dorsally. Palpi (Text-fig. 27, a c) almost equally as long as the 
mandibles. Measurements for the palpal segments are (in mm): 
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Tcxt'fig. 

26. Mr^apus 

lAf.) izuemis. 

n. 

Lelt, dorsal 

view of 

male; 


ventral view 

of mule. 









I 

II 

111 

IV 



Extensor side . 

.. 0,03 

0.09 

0.08 

0.10 

0, 

.04 

Flexor s 

ide. 

... 0.03 

0.04 

0.05 

0.08 

0. 

,04 


First segment small, with distinctly concave extensor surface and well- 
arched flexor surface. A small bristle is inserted at the distal extensor 
margin. Second segment, broadest of all, developing its extensor side 
remarkably. A conspicuous curvature is found between the proximal 
rounded margin and the distal gentle curvature at approximately the 
level of proximal one third of length along the extensor edge. Five 
spines arranged in alternate positions on both sides of the extensor margin. 
Flexor surface much reduced in its length in relation to the extensor one, 
having distally a massive triangular chitinous process whose basal portion 
occupies about two-thirds of length of this side. Height of this proqess 
is considerable, attaining approximately 0.02 mm, corresponding to more 
than one third of height of the segment proper at the highest portion. 
Third segment narrower than the former one at the proximal end, but 
widened at its distal end to attain to a height almost comparable with 
that of the latter. Extensor surface perceptibly convex; flexor surface 
obviously concave. Outer surface of the segment is supplied with only 
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t'i mftli’ 

one bristle arising from the point near the distal margin. Along th<‘ 
extensor side .several stout or slender bristles are arranged, three of 
which aggregating at the distal margin. Several long slender [)ristles are 
inserted on the distal half of the inner .surface. Fourth segment, longest 
of^all, gradually narrowed towards proximal and distal extremities. Kx- 
tensor side gently curved : flexor surface has concavity near pioximal 
and distal ends, concavity at the proximal position being deeper than 
that at the distal one. On the inner surface of the segment, especially 
on the dorsal half of this surface, are present a number of minute hairs 
which are very sparse on the outer surface. A strong, but not too long, 
spine Ls arising near the flexor edge at approximately the median portion 
of the inner surface, and two long bristles are shown on both sides of, 
and close to, the flexor edge-line, the one on the inner surface being at 
the level of proximal one third of full length of the flexor margin, another 
one on the outer surface at the level of proximal three-fifths. At about 
the middle portion of the outer surface is present a long bristle, and 
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further distally is another one. Fifth sej^ment tapering distally, ending 
in three claws, one dorsal, the oilier ventral in position. 

Epimeral region very wide, covering almost three-fourths of th<‘ ventral 
area (Text-fig. 26, right). First pair narrow in longitudinal direction, 
forming a deep pocket for the maxillary organ between iIk* anterior half 
of both-sided components. Posterior extremity of the hrst epimera ending 
at the level of anterior thret^-lifths of ventor, a little anteiiorly to th(‘ 
g(mital area. Second pair attached obliquely to th(' former, tafiering 
posteriorly to a t(?rminal portion (‘ommon to the second pair and the 
first pair. Fourth epimera, broadest of all, having somewhat pentagonal 
outline, being ('ornered at anterodateral, antero-medial, postei'o-lateral and 
post(‘T’o-medial fiortions. Along the fiosterior maigin is prcvsent a .subderrnal 
thick(ming. Medial e\tremit\ together with thf‘ posterior end of the third 
ejiimera forming a blunt protrusion just post('rior to the common termi¬ 
nation of the first and tli(‘ second epimcTa. I^oth-sided processes show 
very close approach, leaving almost no space between tlu' two. Legs 
long in relation to th(* body dimensions, the post(*rior legs being (Ik* 

longest. Fii-st pair slight¬ 
ly longer thaneth<‘ body 
length ; fourth pair nearly 
twice in length of th(' 
latter. Swimming hairs 
absent in all legs. Spines 
and bristles are densely 
arranged around the distal 
margin and at various 
intermediate levels of 
each segment in rough¬ 
ly circular arrangement. 
Fifth segment of the 
first pair elongated, hav¬ 
ing double border at 
distal one third of the 
flexor side (Text-fig. 27, b). 
Two long spear-shaped 
spines are inserted on 
the ventral flexor margin, 
proximal one obviously 
longer than the distal 



lexl-fi;?. 2H. Megupvs {M.j izufush, n. sp. Ventral 

view of feiTiale. 
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one. Sixth segment of the first pair curved, but not too strongly. 
Terminal segment of each pair ending in two small claws, each being 
furnished with two accessory claws and poorly developed lamina. Genital 
area significantly extended as compared with the whole ventral surface, 
occupying 0.11mm long and 0.14 mm wid<\ Anterior portion of the 
genital area a little extending into a shallow bay formed by the posU'ro- 
medial boi’ders of the fourth epimera (Text-fig. 26, right). Posterior 
extr(‘mity of the genital area close to the posterior margin of th(‘ body. 
Genital aperture lying longitudinally between the genital plates, the latter 
being fused at anterior and posterior ends of the aperture. Acetabula 
thr('e on each g(mital plate, being arranged alternately on somewhat 
triangular base. A number of minut(^ hairs are present around th(* 
acetabula, especially along the inner margin of th(‘ plate. Excretory 
pore oi)ens ventrally just posterior to thc^ genital area. 

Colour brownish black. Eyes black. 

Female. Body measuring 0.r>0 mm in length by 6.39 mm in breadth ; 
dorso*\entral thickru'ss 6.33mm. Outline ('llifitical and slightly corn<‘re(i 
at antero-lateral and iiostero-lateral portions, Ixhng similar to th(‘ male. 
Dorsal features, maxillary organ and mandibles show allied <‘onfigurations 
to those in th(' male. Pal[)i ( rext-fig. 29) with uniformly elongated slender 
segments. Lengths of each segment are (in mm): 

\ II HI IV V 

KxUMisor side . 0.04 0.10 0. Id 0.12 0.01 

FU'xor side. O.O.S 0.05 0.10 0.10 0.05 


First segment small, having a bristle at the distal extremity of the 
extensor margin. Second segment rather short, showing w(‘ll-arched 
extensor margin and straight flexor margin. Som(' four bristh's are 
present on both sides of the extensor edge. Third scigment, long(‘st of 
all, having almost uniform thickness along the whole length. Extensor 
margin gently curved, and flexor margin nearly straight. A few bristles 
and hairs arranged on the distal half of the segment. Fourth segment 
equally as long as the former, .slightly narrowing distally and proximally. 
A number of hairs planted on both sides of th(‘ extensor margin, and a 
short bristle is found on the flexor margin at th(‘ level of proximal 
quarter of the whole length of the segment. Fifth segment small, taper¬ 
ing in three claws, Epimera covering approximately two-thirds of ventor; 
their arrangement and contours similar to those in the male (Text-fig. 28). 
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rext'fig. 29. Mef^piis A/.) izuemisy n. sp. Maxillary organ, mandible and right 
palpus of female. 


Genital area lying a little apart from the posterior margin of the fourth 
epimera. Anterior to the genital aperture is developed a small chitinous 
sclerite for muscle attachment. Acetabula three on each genital plate 
which are separated from each other. Excretory pore opens just posterior 
to the genital area. Colour and eyes as in the male. 

locality. One male and one female were secured from the main 
stream of the River Inozawa, at Mitukuri, on June 8th, 1938. 

Remarks. The present specimens show a slight resemblance to M. 
(A/.) nodipalpis Thor in the form of palpi, but are entirely different 
from the latter in many characteristic features in the specialized palpal 
segments, epimeral forms and also in the genital region. l'h(^ materials 
appear to be new to science, hence a new category may be offered for 
them. 

9. ^ Brachypoda versicolor (Mujxeh) var. 

(Text'fig.s. 30 ad) 

Male. Body elliptical in outline, terminating anteriorly in a somewhat 
truncated edge. Lateral margins parallel, posterior portion smoothly 
rounded. Length 0.50 mm, breadth 0.33 mm at the widest middle portion. 
Body fully compressed dorso-ventrally, its thickness being 0.11 mm. Almost 
the whole surface of dorsum is covered by a dorsal shield which has an 
outline completely fitted to the general contour of the body (Text-fig. 30, 
left). Eyes double, shifted far anteriorly close to the antero-lateral corners 
of the dorsal shield. On the dorsal shield are arranged five pairs of 
gland apertures, each with respective accessory hair. Immediately before 


WATER MTTES I^OM IZU 


239 


the eyes are present a pair of minute hairs on small conical ridges. 
Surface of the dorsal plate is sculptured by minute pores, several of 



ri^ht. ventral view of mule. 


them aggregating to form groups. At anterior and antero-lateral peri¬ 
pheries the plate is evidently separated from the ventral plate by a 
narrow non-chitinous groove. The groove is finely striated with parallel 
ridges of skin. Antenniform bristles not very large, being ins(‘rled at 
the antero-lateral edges. Forose sculpture of the dorsal shield is specially 
differentiated into three pairs of groups of large pores, of which two are 
found at approximately the same level behind the eyes and the rest at 
the level of posterior three-fifths of the shield. Maxillary organ 0.09 mm 
long, does not reach one half of length of palpi. Mandibles small, being 
of the same length as the maxillary organ. Falpi (Text-fig. 31, a b) 
long, nearly half the length of the body. Lengths of each palpal segment 
are (in mm): 
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T 11 III W V 

Extensor side . 0.04 0.07 0.(M 0.10 0.0:1 

Flexor side . O.O.'l 0.0.7 0.02 O.OS 0.03 

First segment narrow hut moderat(‘ly elongated, with one bristle on 
th(‘ extensor suriace. Second segment broadest of alb sliovving gently 


ar(‘h(‘d extensor margin and perceptibly conv(‘xed flexor margin. About 
five l)ristles are arranged along the extensor surface, and a prominent 
hyalim^ process is attached at the distal (‘xtremity of the (i(‘xor‘ edge. 
Third segment almost equal in length to the first one, hut thickra* than 
the latter, having slightly curved (‘xUmsor ('dg(^ and well-arched flexor 
margin. Two bristli's, one proximal and one distal, are inserted on the 



Toxt'fig. .31. Brachypoda rrrsu olor \ ar. a, ri}.jlu palpus of inalr; 1). 

left palpus of rualo; c. III & IV segments of loft fourth log of male, voutral view. 


extensor surface. Fourth .segment, longest of all, remarkably narrowed 
proximally. On the flexor side th(‘ margin is doubled, each edge-line 
having two long bristles. Of these bristles those present on the outer 
edge-line are stronger than those on the inner .one, A few minute hairs 
are seen along the extensor margin and at the distal end of the segment. 
Fifth segment tapering to two claws. 

Epimera unite to form a wide plate which covers about three-fifths 
of ventor (lext-fig. 30, right). First epimera a little extending anteriorly 
beyond the anterior margin of the body, enclosing a deep pocket for the 
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maxillary or^an. Suture lines between the first and the second epimera 
are prolonged posteriorly to about half the length of the epimeral plate. 
Second epimera small, attaching obliquely to the postero-lateral margin 
oi the .first ones. Suture lines between the second and the third e[)imera 
short. Third epimera attaching just posteriorly to the former ones and 
markedly oblique in position. Fourth (‘pimera, widest of all, their pos¬ 
terior border constituting a transverse wavy line, extending antero-latt*rally 
with arched curvature. At the termination of this border lin(' there is a 
pair of large jjores. Lc^gs (right fourih leg and tlu' Vth and VIth seg¬ 
ments of left fourth leg ai(* injured) short in r(4ati(m to dimcmsions of 
th(’ l)ody, th(‘ ant(Tior three |>airs not I'eaching the full length of th(‘ 
body. Scanty arrangement of th(‘ swimming hairs is observed at th(‘ 
distal margin of th(' IVth and \'th segments of the s(a()nd pair of legs, 
and at tin? distal margin and on the flexor surface of the lllrd to Vth 
s(‘gments of tiu* third [)air. Spines and bristles arranged around the 
distal margin and on the extensor surface of each s(‘gment. Fourth 
segment of the fourth pair is sexually characterized (Text-fig. 31, c). 
d'liis s(*gment is distinctly narrowed at th(‘ flexor sid(‘ at its distal half, th(‘ 
distal [)arl being prolonged distally towards th(‘ flexor side beyond th(' 
distal extremity of tht‘ txtensor side. Idiis distal prominenc(' ends in 
two strong shaiq) spin(‘s. Out of thc'se spines aris(‘s a large horn-shaped 
‘<[)ine from th(‘ flexor surface at a point midway betwecm th(^ distal and 
the proximal extremities of the segment, Furth(T, a small claw-shaped 
spine is inserted on the ventral surface, slightly distally to the large oruc 
A few bristles are seen around the middle portion of the s('gment. Genital 
area situaU'd close to the posterior border of the ei)imeral plate, genital 
aperture ojjening at tht‘ posterioj' end of a truncated conical proct^ss 
w'hich has its base directly on the e[)imeral border. On both sides of 
this genital process are arranged three acetabula m triangular position 
on a genital plate. Of th(‘se acetabula the anterior and th(‘ antcno-lateral 
are closely located, and are a little apart from the postero-medial one. 
Surrounding these acetabula are set many hairs. Excretory pore opens 
dorsally, near the posterior body margin. 

Colour purple. Eyes black. 

Female. Body elliptical, anterior portion rounded, posterior margin 
slightly narrowed. Length 0.55 mm, breadth 0.38 mm at the widest 
middle part. Body decidedly thick, attaining to about 0.22 mm in thick¬ 
ness. Dorsal shield porose like that of th(‘ male, having ellipticaf outline 
except the posterior margin which is replaced by a transverse edge 
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rext-f'iK 'VZ. Hrackypoda versicolor MuiXKiO var. Left, dorsal view of femali*; 
rif^ht, ventral Mew of temaU*. 

(Text-fiij(. 32, left). The characteristic groups of large porous patterns on 
the dorsal shield of the male are represented in female by two pairs of 
groups distributed immediately posteriorly to the eyes and near the posterior 
extremity of the shield. Around the dorsal shield is a wide band of the 
dorsal groove, on which are situated a few pairs of gland papillae with 
accessory hairs. Skin of the dorsal groove is finely striated with un¬ 
dulating ridges. Maxillary organ, mandibles and palpi (Text-fig. 33), all 
agree in minutest details with those of the male. Epimera united to 
form a broad ventral plate covering almost the whole area of ventor 
save the posterior triangular portion which is non-chitinous and occupies 
but one eighth of the length of ventral aspect (Text-fife. 32, right). The 
three anterior pairs of epimera are far removed posteriorly from the 
anterior margin of the body, the anterior prominence of the first pair 
arising at a point one eighth of the level of ventor measured from the 
anterior. Features of epimera roughly agree with those in the male. 
Posterior border of the fourth epimera transversely waved, extending 
perceptibly antero-laterally at both sides. Legs short, none of them 
exceeding the body length. Swimming hairs are present sparsely at 
the distal margin of the Vth segment of all the pairs. Bristles and 
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spines arranged in circlets around the distal end, and on the extensor 
and the flexor margins of each segment. Fourth segment of the fourth 
pair elongated, being furnished with several simple bristles around its 
margin. Fifth segment slender, considerably more elongated than the 
former segment, having three long swimming hairs and several spines at 
the distal margin. Genital area lying close to the posterior extremity of 
the ventral surface, immediately posterior to the epimeral region (Text- 
fig. 32, right). A fissure-like genital aperture is present, on both sides 


of which is present a pair 
of triangular genital plates, 
each bearing three acetabula 
and several hairs. Acetabula 
arranged in triangular form, 
the two anterior ones ar¬ 
ranged side-by-side on the 
same level, the posterior one 
shifted slightly posteriorly 
to the anterior ones. Ex¬ 
cretory pore opens at the 
posterior extremity of the 
dorsal surface, posterior to 
the dorsal shield. Colour 
and eyes as in the male. 

Locality. One male and 
four females were collected 



33. BrachypiMia venicolor MOm.ku, \ar. 
left palpus of female; riyht, riKht jxilpus of 
fejnale. 


from the main stream of 


the River Inozawa, at Otiai, on June 8th, 1938. 

Remarks. The present specimens show some significant features 
characteristic of B. rersicolor (Moller) commonly known in Europe and 
also reported from Siberia and Ussuri region. However, the facts that 
the epimeral region of the male of the present nmterials does not extend 
so far posteriorly as in B. versicolor, and that the genital aperture opens 
on the conspicuously protruded conical process, are likely to indicate 
slight deviation from B. versicolor. In view of these slight differences 
the writer has the intention to regard the prescmt materials as a variety 
of the species mentioned above. However, a single male specimen having 
partially damaged legs cannot offer sufficient evidence to determine ac¬ 
curately the position of the present materials. 
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10. Aturus miyashitai IJc'HiDA 

31 '{H) 

Male. Body dorso-ventrally compressed, being of a thickness of about 
0.10 mm. Length 0.80 mm; breadth 0.28 mm at tlu‘ widest portion. 
Ceneial outline oval, tending to develop antero*lat(Tal corners and show¬ 
ing somewhat extended loins, thus forming a pentagonal configuration 
with on(‘ angle protruding forwards ("B^xt-fig. 81, hdt). A deejj and 
rnodei'ately broad incision is present at the posterior (md. A pair of 



short and wide warts is found at the anterior extremity in a close 
position, each of these warts bearing a slender antenniform bristle near 
the outer side. Dorsal shield pentagonal in form, directing a gentle pro¬ 
trusion anteriorly, and terminating posteriorly in a truncated straight 
margin. The shield covering only the anterior two-thirds of the dorsal 
aspect of the body, being fitted to the anterior outline and slightly less 
in dimension than the dorsal aspect which is, expressed by the dorsal 
extension of the ventral plate. Between the dorsal and the ventral plates 
is left a narrow stripe formed by dorsal groove with coarsely undulating 
striation. On the dorsal groove are found three pairs of large gland 
papillae, of which the most anterior pair is accompanied by a slender hair, 
and the two more posterior pairs by long bifurcated bristles. Such 
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two claws and having a few hairs. 

Epimera united to form a broad ventral plate, I, II and 111 pairs of 
them being obvious in their outline owing to suture lines between the 
respective pairs (Text-fig. 34, right). First epimera projecting beyond 
the anterior margin of the dorsal aspect of the body, forming a wide 
pocket for the maxillary base between both-sided components. Second 
epimera also protruding beyond the anterior border of the body, the 
same being the case for the third epimera. Outer mcU'gin of these 
epimera ragged. Fourth epimera inconspicuous in their outline, being 
continuous to the posterior ventral plate. Epimera coarsely porose. 
l>egs moderately long, stout, the length being increased in the more 
posterior ones. No swimming hairs present. Anterior three pairs shorter 
than the body length, but the fourth pair a little longer than the body 
length. Several spiny bristles arising around the distal margin and on 
the extensor surface of each segment, those at the distal flexor surface 
of segments II-III of the first and the second pairs being the longest. 
Fourth pair, stoutest of all, sexually characterized (Text-fig. 36). On the 
fourth segment one third of the distance from the distal end are arranged 
eight long whip-like bristles chiefly around the ventral surface of the 
segment, each attaining to a length exceeding the whole length of the 
fifth segment. Out of these are present several insignificant bristles and 
hairs on the dorsal surface, and along the extensor margin of the segment. 
At the distal extremity of the ventral surface and slightly deviated to 
the extensor side, a long scoop-like bristle protrudes which attains to 
almost the full length of the fifth segment. A slender spine is inserted 
at the same level with the scoop-like bristle at the distal extremity of 
the extensor margin. On the ventral proximal portion of the fifth seg¬ 
ment are planted six bristles of moderate length. Distal segments of all 
the legs ending in two claws, each with two accessory claws and lamina. 
Genital area shifted to the posterior extremity of the ventral plate. 
Genital pore opening in the posterior fissure. Along the posterior margin 
are arranged about ten acetabula on both sides of the genital opening. 
A few protective hairs are accompanying this row of acetabula. 

Colour brownish red anteriorly, and reddish purple at the posterior 
half. Eyes black. 

Female. Body rounded, slightly shouldered, measuring 0.33 mm long 
and 0.27 mm wide at the widest portion. Body very much flattened, 
being 0X)8mm in thickness. Dorsal shield covering almost the whole 
dorsal surface, leaving a narrow stripe of dorsal groove around the outer 
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margin (Text-fig. 88, left). Texture of the dorsal shield is similar to 
that of the male. On the dorsal groove are found several pairs of gland 
papillae with or without accessory bristles or hairs, but no bifurcated 
long bristles detectable as is the c ase in the male. Excretory pore opens 
at the posterior end of the dorsal shield. Maxillary organ, mandibles 
and palpi showing close similarity lo those of the male (Text-fig. 37). 
Epimera in general coinciding with those of the male. Legs much 
slenderer than those of the male, the three anterior pairs being a little 
shorter than the body length. Manner of arrangement of bristles is 
similar to that described in the male. Fourth pair of legs perceptibly 
longer than the body, being quite different from the fourth pair of the 
male. Fourth segment slender, being simply provided with a few marginal 
bristles and a few spines on the flexor margin. Fifth .segment exactly 
similar to the fourth. Genital opening at the posterior extremity. About 
ten or more acetabula arranged in a row along the posterior margin of 
the ventral plate (Text-fig. 38, right). Colour reddish brown anteriorly, 
and purple at the posterior half. Eyes black. 

Locality, One male and one female were collected together with 
the following species (Aturus caudatus, n. sp.) from the main stream of 
the River Inozawa, at O’Kiti-ga-Futi, on June 8th, 1938. 

Remarks. The species is also reported by UcHiDA (1934) on the 
basis of materials collected from the River Yura. The present specimens 
show several important characteristics which agree well with Uchida’s 
description, although they differ slightly in some insignificant points. 
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ventral vi(»w of female. 


11. Aturus caudatus, n. s^). 

iTextTi^^s ;i9 4.‘i 

Male. Body rather angular at some Hve corners, extending ant(*riorly 
a well-an’hed frontal portion and remarkable shoulders. Length attaining 
to 0.28 mm and breadth to 0.22 mm at anterodateral corners. Body flat, 
oeing about O.llmm in thickness. Most of tlie dorsal surface covert d 
by a wide dorsal shield which has somewhat pentagonal outline, well 
fitted to th(‘ free margin of the body, but is considerably smaller in anva 
at antero-lateral and posterior regions (Textdig. 39, l(‘fl). Surface' of 
the dorsal shield is universally furnished with coarse pore's, the' texture' 
exhibiting a sort of reticular appearance of irregular polygonal form^ 
under low power magnifications. Four pairs of gland pajjillae' with ac¬ 
companying protective liristles and a pair of bristles are' founel e)n the 
posterior half of the dorsal shield. Around the margin e)f the dorsal 
shield, from the anterior extremity to the pejsterodateral side^^, is present 
a narrow band formed by a dorsal grejove, outside which extends the 
dorsal extension of the ventral plate forming the general contour of th(^ 
dorsal aspect of the body. Along the dorsal groove are present four 
pairs of gland papillae, each accompanied by a simple elongated bristle. 
Eyes double, situated on the dorsal groove near the anterior end. Directly 
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outside the eyes are observed two pairs of gland papillae, the anterior 
pair being provided with accessory bristles. Antenniform bristles stout, 
not very long, inserted at the outer margin of a pair of insignihcant 
broad elevations. Posterior one sixth of dorsum uncovered by the dorsal 
shield, the uncovered portion being the dorsal extension of the ventral 
plate. Surface of this area smooth. This area is divided into right and 




Text-fig. ay. Aturus caudatus^ n. sp. dorsal view of male; right, ventral 

view of male. 


left regions by a deep narrow posterior incision. Along the posterior 
border of the dorsal shield are arranged several minute bristles in a row. 
Distinct from this row of short bristles, and close to the posterior truncated 
edges of the body, are found four long club-shaped bristles which termi¬ 
nate in rounded heads and which are inserted respectively in four large 
pores. These two pairs of the club-shaped bristles are very imprea.sive 
even at a glance. Maxillary organ 0.07 mm long, rather thick, and about 
one half of length of palpi (Texbfig, 40, c). Mandibles a little longer 
than the maxillary organ. Palpi (Text-fig. 40, a & b) porose, of elegant 
form, overlapping one half of body length. Lengths of each palpal 
segment are (in mm): 
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\ II III IV V 

Extensor side. 0.02 0,06 0.02 0.06 0,03 

Fl<*xor side. 0.02 0.03 0.02 0.05 0.03 


First segment short and slender, with one minute bristle on the ex¬ 
tensor edge. Second segment, broadest of all, with gently convexed 
extensor side and perceptibly concave flexor side. Three moderate-sized 
bristles are arranged along the extensor margin. At the distal extremity 
of the flexor surface a blunt triangular process protrudes from the inner 



Text-fig. 10. Aturus cauriattis^ n, sp. h, right palpus of male; b, left palpus of 
male; r, side view of maxillary organ with mundif>lo. 


side of the segment. Third segment narrower than the second, slightly 
curved at the flexor surface. Extensor sidt^ is provided with a distal 
mirtute bristle. Fourth segment club-shaped, tapering in slight degree 
towards proximal and distal directions. Flexor surface obviously convexei^l 
at the midway point between the two extremities. A short bristle and 
a long hair are planted at the neighbourhood of this convexity. At the 
distal end of the extensor side only one hair is present. Fifth segment 
ending in two claws, being provided with a few hairs. 

Epimera united to form a broad plate covering more than anterior 
half of verttor. The anterior three pairs of epimera are respectively 
extending their anterior proceases beyond the anterior margin of the body 
(Text^fig. 39, right). Sutures between the t, I? and III epimera are 
(ibvious, but those between the IV epimera and the posterior ventral 
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plate vanishing. Third epimera very wide, occupying almost the total 
area of I plus II epimera. Outer margin of all the epimera distinctly 
ragged. Legs robust, wholly destitute of swimming hairs, increasing in 
length posteriorly. First and second pairs scarcely comparable with the 
body length, hut third 2 md fourth pairs exceeding the body length. Around 
the distal magin and on the dorsal side of each segment are stout spines 
sparsely arranged. Segments II and III of the first and second pairs 

have a few long bristles at the 
II \ distal end of the flexor side, 

j \ \ Fourth pail* has only a few 

minute spines and hairs, except 
\ \ X on the fourth and the fifth seg- 

\ V ments, these two being sexually 

modified (Text-fig. 41). Fourth 
segment very much reduced in 

/ I length as compared with those 

y i’^ l^he other [lairs of legs, being 

i /ll provided with one large strong 

I j ^ horn-shaped spine at the distal 

/1| l"oi\ end of the ventral surface. 

' / *1 This, spine is about one half 

L ' ’ I the length of the fifth segmcmt. 

I / J Around this specialized spin(‘ 

1 ’ ' j are arranged several long bristles, 

_L 1 which the four arising from 

^ flexor region are long and 

f WT— 7\yA stout. Dorsal surface of the 

yv / 'ol / ^ fourth segment devoid of any 

/y /y/ significant spines or bristles. 

Fifth segment elongated, with 
I'f'xt fiy. 41. Aturm caudaiusy n. sp. Ill- about nine minute bristles on 

VI segments of right fourth leg of mfle. 

ventral view, i . i i 

mal region and with several 

longer bristles around the distal margin of the segment. Sixth segment 
of all legs ending in two claws, each with three accessory claws and 
narrow lamina. Excretory pore opens on the dorsal side near the pos¬ 
terior margin of the dorsal shield. Genital opening in the posterior 

fissure. Along the postero-lateral margins are arranged about fifteen 

acetahula roughly in a row. Of these acetabula the posterior five or six 
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have wide external openings. Several slender hairs protecting the genital 
region. 

Colour brownish red. Eyes black. 

Female. Body rounded in outline, slightly shouldered at antero-lateral 
corners. Length 0.38 mm, width 0.33 mm at the widest middle portion. 
Thickness ca. 0.15 mm, considerably compressed dorso-ventrally. Dorsal 
shield occupying the wide central [)ortion of the dorsal aspect lof the 
body, being of almost similar in outline to the general contour of dorsum 
except for an inward curvature at the posterior end (Text-fig. 12, left). 



Sculpture of the shield resembling that of the male. 'Fhree [)airs of 
gland apertures with accessory bristles or hairs are found on the posterior 
half of the plate. Eyes in the dorsal groove which encircles th(‘ dorsal 
shield with extended breadth. Four pairs of gland papillae and accessory 
hairs arranged along the lateral margin of the body on th(' dorsal groove. 
Posterior part of dorsum is occupied by coarsely striated skin whi(‘h is 
continued from the dorsal groove. Maxillary organ, mandibles and palpi 
resemble those of the male (Texf-fig. 43). Second segment of palpus is 
provided with several bristles on the extensor surface, much more numerous 
than in the male, and on the extensor edge of the fourth segment is 
found a minute spine approximately at the midway point between the 
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two extremities of the segment. Epiraera simMar to those m the male 
(Text'fig. 42, right). Legs much slenderer than those of the male. 
Characteristics of the arrangement of bristles and spines agree with those 



I’ext-fig. 43. Aturu^f caudatus^ n. np. F^alpi of female. 


in the male. Fourth segment of the fourth pair elongated, showing no 
specialized arrangement of special spines or of bristles. Ventral plate 
does not reach the posterior extremity, but is replaced by non-chitinous 
skin which is divided into right and left parts by a fissure-Kke genital 
aperture. Excretory opening on the dorsal surface, at the posterior ex¬ 
tremity. Along the posterior border of the ventral plate, and a little 
apart from the latter, are arranged about nine acetabula in a row. Two 
pairs of hairs protecting this area. Colour and eyes seme as the male. 

Ijycality, One male and one female were secured at O-Kiti-ga^Futi, 
from the River Inozawa, on June 8th, 1938. 
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Remarks. The writer has been unable, in intensive references to 
scientific works, to find mention of any species allied to the species under 
discussion. The four posterior appendages of club-shaped chitinous spines 
and the arrangement of specialized bristles on the fourth segment of the 
fourth leg of male appear to characterize uniquely the present specimens. 

12. Kongsbergia materna Thor 

'Text-figs. 44-46) 

Male. Body inveiled oval, minute, measuring 0.28 mm long and 
0.19 mm wide at the widest portion. Seen from the side the body is 
fairly flattened, being of 0.08 mm of thickness. Dorsal shield hard, ex¬ 
tending posteriorly beyond the extremity of the ventral plate (Text-fig. 44, 
left). The latter, however, extending anteriorly beyond the dorsal shield. 
Chitinous plates of dorsum and ventor are universally sculptured with 
coarse pores. Groove between the dorsal and the ventral plates is found 
on the body-sides in the anterior part, and is shifted to the ventral margin 
in the posterior part. Goove is rather soft-skinned, containing several 
hairs and bristles along its course. Kyes double, situated near the an- 



ventral view of male. 
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terior margin of the dorsal shield, both-sided ones being in very close 
proximity. Antenniform bristles slender and elongated. On the dorsal 
shield are present two rows of gland papillae and accessory hairs. 
Maxillary organ large in relation to the dimensions of the body, and 
occupies more than one third of the latter (Text-lig. 15, c). Mandibles 
0.14 mrn long, surpassing the length of the maxillary organ by the length 
of claws. Palpi (Text-hg. 45, a Sc b) exceedingly large as compared with 
the body, attaining to far more than one half of th(' l)od\. Their ap¬ 
pearance is Very thick and stout ; the lengths of palpal segments are 
(in mm); 


1 II III IV V 

I'Atensor . 0,02 O.lf) 0 04 0,0K 0.04 

Flexor .side. O.Oa 0.06 0.02 0 Of) 0.04 


Of all the segments the second is the broadest, with vvell-archt‘d 
semi-circular extensor surface and remarkably convexed flexor margin. 
Along the extensor margin are inserted four stout bristles, one distal 
and three proximal in position. Near the i)roximal (md of the flexor 
surface there is a short tubercle of papilla-shap(‘, and distally, a little 
distal from the middle region, are seen two small conical papillae on the 
inn(T surface. Distal part of the flexor surface is sculptured with coarse 




Ic'Ktd'ig. 45. Kongsberffta matema Thor, a, left pjrlpus of male, inner .side; b, 
left palpus of male, outer side; .‘jide view of maxillary orpan with mandibles. 
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pores. Third segment short, but broad, having two bristles of moderate 
length on the extensor margin. Fourth segment long, obviously narrowed 
towards the distal end. Bristles and hairs on this segment are very sparse, 
being represented by only a long hair and a bristle near the distal ex¬ 
tremity of the flexor surface, and by a few minute hairs at the distal 
end of the extensor surface. 

Epimera united to form a continuous ventral plate (Text-fig. 11, right). 
First pair are oblique narrow stripes, protruding beyond the anterior body 
margin, embracing a long and wide pocket for the maxillary base. Second 
pair resembling the first one. Third pair small and narrowed towards 
the medial portion, leaving well-arched suture lines between the third and 
the fourth epimera. Fourth pair indistinguishable from the remaining 
portion of the vcmtral plate, since no visible suture line is found between 
these two regions. Legs short and robust, devoid of swimming hairs, 
hut several stout bristles are found around the distal margins of the 
segments exc'ept around the Vlth, which ends in two small claws. The 
Vth segment of the fourth h‘g is sexually characterized (Text-fig. 16). 
Distal half of the flexor 
margin is significantly con¬ 
cave ; at the proximal end 
of this concavity are present 
one large horn-shaped spine 
and one small accessory 
spine, the latter being in¬ 
serted dorsally to, and 
slightly distally to the for¬ 
mer. Out of these spines 
several long hairs are grow¬ 
ing encircling the distal ex¬ 
tremity of the segment in 
question. Genital opening 
lying accessory to the pos¬ 
terior end of the ventral 
plate. On both sides of 
the genital opening, and 
along the free margin of 
the ventral plate, are ar¬ 
ranged numerous minute 
acetabula in two rows. Ex- 




Text-Rg. 46. Kong^bergia matcrna Thou. Left, 
IV-X^I segments of right fourth leg of mule, vent- 
ral view; right, the same, dorsal 
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cretory pore opens ventrally, immediately posterior to the genital opening. 
Colour brownish red. Eyes black. 

Locality, Three males were collected from the main stream of the 
River Inozawa, at Mitukuri, on June 8th, 1988. 

Remarks. This is the first report of the Genus Kongshergia from 
Japan. The present specimens show a marked resemblance to K. matema 
Thor, a common European species distributed in various regions of that 
continent. Although a slight difference is detectable in the size of the 
second palpal segment, and in the position of the distal bristle at the 
flexor surface of the fourth palpal segment, the writer is of the opinion 
that the present materials should be identified with K, matema men- 
tkmed above, regarding such disagreements to be local variation only. 

LITERATURE CONSULTED 

Lundhlau, O. 1927, Dio Hyclrararinon Schwodons, I. Boitrag zur Systematik, Embryologio, 
f^kologio und Verbreitungs^<eschiohte dor Schwodischon Arton. ZooL Bid. Uppsala, 
Bd. 11. 

Liindbi.ad, O. 1929. Wassormilben aus dem norddstliohen Altai. Entomol. Tidskr., Ht. 3-4, 
1929. 

Lundhlad, O. 1930. Hydrucarina. Zoology of the Karoos. Copenhagen. 

Lunublad, 0. 1934. Report on Hydracarina. Mem. Conn. Acad., Vol. 10, Art. 7. 
Lundblad, O. 1936. t)ber einige Hydracariiwn aus Java. Entomol. Tidskr., Ht. 2-3, 1936. 
Marshall, R. 1932. Preliminary List of the Hydracarina of Wisconsin. Part 11. Trans. 
Wisconsin Acad. Sci. Art, & Lett., Vol. 27. 

Marshau., R. 1933. Water Mites from Wyoming as Fish Food. Trans. Amer. Micr. Soc., 
Vol. 52. 

Monti, R. 1910. Contrihulo alia biologia degli Idracnidi Alpini in relazione all’Ambiente. 
Att. Soc. Italiana Sci. Nut., Vol. 49. 

Motas, C. 1928. Contribution a la connaissance des Hydracariens fran^ais, particuli^rement 
do Sud-Est de la France. 'IVav. I^b. d’Hydrobiol. et Piscicult. Univ. Grenoble, 
20 . 

Motas, C. 1933. Aturus {Crinaturus) spatulifer Pikrsig in den rumfinischen Karjiathen. 
Zool. Anz., Bd. 103. 

SOKOLOW, I. 1930. Die Hydracarinen von Russisch-Karelien. Zool, Jahrb. Syst., Bd. 59- 
SoKOLOW, I, 1930. Beitrage zur Kenntnis der Hydracarinen Sibirie.ns. Arch. HydrobioJ., 
Bd. 22. 

SoKOLOW, I, 1934. Beitrfige zur Kenntnis der Hydracarinenfauna des Ussuri-Gebletes. II, 
Hydracarinen der fliessenden Gewfisser. Zool. Jahrb. Syst., Bd. 65. 

SzALAY, L 1933, Ober zwei Wassermilbenurten aus der Gattung Atractidee C. L. Kocu. 
Zool. Anz., Bd. 102. 

SzALAY, L. 1933. Zwei neue Wassermilben aus der Gattung Atrac'tides C. L. KocH- Zool. 
Anz.. Bd, 103. 

SzALAY, L. 1933. Line neue Hydracarinc ams der Gattung Atractides C. L. Koch und das 
Weibchen von Atractidki (R.) ungeri Szalay. Zool. Anz., Bd. 104. 



W ATER MITES FROM IZU 


259 


Sz\L/VY, L. 1935. Zwei neue Hydracarinen aus der Gattung Megapus Nf,uman umi da*^ 
Weibchen von Megnpus (M.) t>arsiennis Szalay. Zool. Anz., Bd. 110. 

SzALAY, L. 1935, Eino neue Hydrararine aus der Gattung Me^apus Nevman und das 
Weibchen von Megapus CAf-) nodipalpis var. fiuviatihs Szai.ay und Megapus 
(M.) acutiroatris Mot ah. Zool. Anz., Bd. 111. 

IJ(HIDA, T. 1931. Einige W^assermilben aus Japan. Zool. Anz., Bd. 95. 

U<TUDA, T. 1934. Some Rheophilous Water-mites from Japan. J. Ka(. Sn. Hokkaido Imp. 
Ujnv., Zool., Vol. 3. 

Gchioa, T. 1936. Water Mites from the Kurile Islands. Hull. Biogeogr. So( Japan, V'ol. 6. 
ViK'i'S, K. 1935. Die Wassormilben von Sumatra, Java und Bah nach den Kigebnissen der 
Deut.schen T/imnoloj^isrhen Sunda-Expedition. Arch. Hvdmhiol., Suppl.-Bd. 13 14. 
VlFTb, K. 1936. Die 'rierwelt DeUtsK’hlands u.sw. 31, 32 Teil. Vlf: Wasserrnilhen ocler 
Hydracarina. Jena. 

WaI.TKU, C. 1928. Zur Kenntnis der Mikrofauna von Biit’sch Indien. Hoc. Indian Mus., 
Vol. 30. 

W'^ALTKR, C. 1935. Hydraearma. Voyage de ('h. Alluaud et P. A. ('happuis en Afrique 
occidentale frniKjai.se (Dec. 1930 Mars 1931Arch. Hydrobiol., Bd. 28. 
WllJ.iAMSON, W. and C. Soak, 1915. British Hydracarina: The genus Eehertia. J. Quekett. 
Micr. Club, Vol. 12. 




TERRESTRIAL OLIGOCHAETA FROM MANCHOUKUO 

I 

Bv 

Shinjiuo Kobayashi 

K(*i)6 Second Htf(her ('ommon School 

(With 15 ) 

vR<‘ceiv^d March 11, 19U)' 

CONTKN'IS 

Introduction . ^52 

Acknowlc^dgmenls. ^5^ 

Systematics . ^55 

Family Moniligastridac 

(rcnus Dratmdo MicHAi.iiiKN 

1. Drmvida japomcn (Michaklsen). ^53 

2. Drciuhda propotuUi Gates. 265 

3. Drnmtda korearta KohavasHI .26S 

4. Drawtda jehnlenais, n. sp. 2(W 

5. Druwida MicHallskn ... 271 

6. Drawida ncmora Kohayashi.272 

Family Megascolecidae 

Gicnus Phc.rcttma Kinhkik; cm. Micuaki.SEN 

^ 7. Phcrvtima hupeiensis (Michaklskn) ..273 

S, Phvrctima af^gera Kohayashi .273 

9. Pheretima tsckiliemtis. Mli'HAKi.SEN. 277 

Family Lumbrickiae 

Genus Einenia Mai.m cm. Michaelhen 

10. Eisenia nordenskvbldt (Kisen) forma typica . 2H2 

11. fEimnia nordenskioldi forma matishuricn^ n. suhsp.2H4 

12. Eisenta rosea (Sav.) forma typica . 28;> 

13. Eisenia rosea (.Sav.) forma maced/tnica (Rosa; .285 

14. Eisenia foetida (Sav.)..287 

Genus Allolobophora Risen em. Rosa 

15. All(dobf)phora hataii^ n. sj).288 

16. Allolobophora horhinensis, n. sp. 2b0 

17. Allolobophora dairencnsis, n. .sp. 291 

18. Allolobophora jeholensis, n. sp. 293 

19. Allolobophora caliginosa (Sav.) forma typica . 295 

20. Allolobophora caliginosa (Sav.) forma trapczotdes (A. 296 

21. Allolobophora sp. 297 

Genus Bimastus Moore 

22. Bimastus pofvus (Eisen) . 297 

23. Bimastus beddardi (Michaelsen). 298 


261 



































262 


S. KOBAVASHl 


(ienus OctoUisium Oerley 

24. Octolasium lacicvTH (Okrley) . 'i()2 

r^eneral Distribution, and the Amount of Hainfall anti the Tcmpeiature taken as 

the Delimiting Factors for the Distribution of the Terrestml Oligochaetes. . 304 

pH of the Soil in the Habitats . 30R 

Northern Boundaries of the Distribution of Roth Genera Pherrttma and Draunda 310 

Distribution of the Family Lumbrioidae. 311 

References. 313 


INTHODlJCriON 

No earthworms having ever been reported upon from either Man- 
choukuo or Mongolia*', a survey of them from the zoogeographical point 
of view in these two countries had been on my part a long-cherished 
desire. Having obtained the financial aid from the Chosen Academy of 
Natural vScience, 1 had at length the opportunity to study the terrestrial 
oligochaete fauna of Manchoukuo, during months of July and August, in 
1937. The present report is, of course, only a preliminary one. But, 
as 1 consider that the number of species will not be markedly increased 
by any further researches, I intend to publish here the outline of the 
terrestrial oligochaete fauna of Manchoukuo. 

As the greater part of Manchoukuo is of a continental climate, it is 
not likely that an abundance of earthworm-fauna is to be found there. 
But, the pre.sent survey has at least made clear some important zoogeo¬ 
graphical and ecological facts. Namely, (1) the rainfall and the tempera¬ 
ture are the most important factors in delimiting the distribution of the 
terrestrial oligochaetes; (2) the northern boundaries" of both genera 

Pheretima and Drawida are to be drawn through Manchoukuo ; (3) the 
southern part of this country is important in considering the distribution 
of the family Lumbricidae. 
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Systematics 

Family Moniligastridae 
Genus DRAWIDA MlCHAELSEN 1900 
1. Drawida japonica (Michaelsen) 1892 

1938 Draioida japonica, Kobayashj, Sci. Rep. TOhoku Imp. Univ., Biol., XIII. 2, pp. 

94-9.‘i, fig. 1. 

According to Gates (’35), Dr. propaiula is distinguishable from its 
most closely allied species Dr. japonica, by its larger size (113 130 x 4 mm 
in contrast with 28-~65 x 1~2 mm) and by the absence of the elongate 
rod-like appendices on the ovisacs. The same writer’s remarks on Dr. 
grahami (^35) is as follows “ Distinguished from Dr. japonica by the 
^ibsence of the appendix on the ovisacs, . . . Chen has written in his 
recent paper ('36) that Dr. grahami is synonymous with Dr. japonica 
and that the appendix on the ovisac has no systematic value. Recently 
( 38), I have expressed iny opinion after studying the Korean material 
that the posterior appendix of the ovisac may have systematic value. 

In the present investigation, as I met with exaii)pl^ Dr. 

japonica and Dr. propaiula, I was able to examine the systematic value 
of the posterior appendix of the ovisac. Of Dr. japonica seventy-six 
mature specimens (together with several Korean specimens) were dissected 
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and of Dr. propatula 21 mature specimens were dissected as well as several 
immature ones of both speM:ies. 

In the case of Dr. japonica, an ovisac* consists of three parts of (a) 
anterior part, (b) posterior part, and (c) extreme terminal end. (a) The 
anterior part extends interior of three segments of \1V XVI, lying in 
the dorsolateral side of the alimentary tract, and is filled up with ripe 
ova and is moniliform in form being constricted by the septa, (b) The 
posterior part is continuous with the part (a). It is always thinner than 
(a), and is free from the septa or weakly constricted by them, its interior 
ei^er filled up or partially filled with ripe ova. Of this posterior part 
we may distinguish the following two types, (i) It is short and twisted 
running along the dorsolateral or lateral side of the alimentary tract, 
and is free from the septa. (iij It runs straightly caudalwards under* 
neath the alimentary tract, and is flattened being compressed by the 
gut and is weakly constricted segmentally. In the case of (ii) it is not 
rare that it extends posteriorly beyond XXX (even in the immature 
specimens); while in the case of (i) it is always shorter than in (ii), and 
is sometimes only of 3-S segmental length. More than half of the 
examined specim('n (42/76) w(‘re of the type (ii). But, in the case of 
two specimens the intermediate type was found ; i. e. in one specimen, 
one side was of type (i) while the olh(‘r side was type (ii). This pos¬ 
terior part of the type (ii) may be called posterior rod-like appendix 
Its unusuall appearance surely attracts our notice when observed, though 
it fuis been overlooked by Michaelsen and Stki’HENson as Gates pointed 
out (’35). Apparently, th(^ correlation existing between the locality and 
the high frequency of the occurrence of this organ was not clearly re¬ 
cognizable. (c) The extreme terminal end of the ovisac which is thin 
and is only of 1*2 segmental length, a})pears usually empty and appears 
whitish in colour. This part may be easily oveTlooked. 

In the case of Dr. propatulaj an ovisac extends interior of the seg¬ 
ments of XVI XIX. As in th(» case of Dr. japonica^ it consists also of 
three parts of (a), (b) and (c). (a) The anterior part situated on the 

dorsolateral side of the alimentary tract, is moniliform in form being 
constricted in various degrees by the septa oh its course and its interior is 
fully filled with ripe ova. (b) The posterior part of 2-5 segmental length, 
is a little thinner ^ than (a), and is usually slightly twisted on the dorso¬ 
lateral or lateral side of the alimentary tract, and is also fully filled with 
ripe ova. (c) The extreme terminal end which is only of 1*2 segmental 
length, appears always empty and is much thinner than (b); this part 
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may he easily overlooked. Thus, when the part (a) is weakly constricted 
by the septa, the ovisac appears finger-like. 

As mentioned above, at least in all the examined specimens, the 
“ posterior rod-like appendix was not found in the case of Dr. propatula. 
In Dr. japonica, out of 76 specimens examined, 12 were provided with 
this appendix ; among the material collect'd from every locality, at least 
a few specimens were found to have this characteristic organ ; sometimes, 
most of the specimens collected in on(‘ locality were found to have this 
organ. From this result, it may be easily judged that, although the 
“ posterior appendix ” in the cas(‘ of Dr. japonica may be, of course, a 
uni(]U(* characteristic, but it is systematically not so important as Gates 
has thought. Thus, this organ may not be taken as a criterion for Dr. 
japonic^, hut may be utilized as a supplementary mean. 

Body length 31-81 mm, greatest diameter 2.2 3.6 mm, The dimen<>ions 
28 65 X 1 2 mm which were given by Gates (’35 a) of the body size of 
the present species, seems to be smaller than that of the Manchoukuo 
specimens (and al.so of the Korean specimens). 

Localities and materials: Harbin, 6 matur<^ and 2 immature sps. ; 
Kirin, 31 mature and 109 immature sps.; Tumen, 1 mature and 21 im¬ 
mature sps.; l^aichengtze ( —Taoan), 14 mature and 11 immature sps,; 
Fengtien, 25 mature and 11 immature sps.; Fsifeng, 1 mature sp.; 
Tashihchiao, 1 1 mature and 11 immature sps.; Chinhsien, 36 mature and 
5 immature sps.; Antung, 8 mature sps. 

DLstribution: Japan, Korea, Manchoukuo, China, India. 

2. Drawida propatula Gates 1935 

1933 Drawuia japonu'ci (part), CllKN, Contr. Biol. Lab. .Sci. Soc. China, Sor.. IX, 

6, pp. 189 194, fig. 3. 

1935 Drawida propatula^ Gatks, l..ingn«n Sri. .Jour., XIV, 3, pp, 449- 450. 

Description: 

External characteristics: 

Length 73“ 114 mm, greatest diameter l.(F5.0 mm ; largest specimen 
114 X 4,8 mm and the smallest 74 x 4,0 mm ; usual size 95 x 1.5 mm. 
Number of segments 149-179, Colour in formalin, unpigmented or uni¬ 
formly light blue due to the content of the alimentary tract; clitellum 
reddish. Clitellum well-marked, moderately swollen, extending from IX 
to a part (1/3-1/2) of XIV, 

Setae small, closely paired, beginning on II; cd on X- or XI XIII 
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smaller than the rest. Setal distance ab — cd ; on the preclitellar segments, 
aa is very slightly greater than, or subequal to, be ; on the postclitellar 
segments, aa is slightly smaller than be; in one specimen picked up at 
random, aa : be —33.5 : 32 preelitellarly, 45:58 immediately posteriorly to 
the clitellum, 39: 53 in the middle portion of the body ; dd is slightly 
greater than, or subequal to, 1/2 ^of the circumference. 

Male pores are minute, transverse slits on X, nearer to b than to c, 
and nearer to the intersegmenta! furrow 10/11 than to the transverse 
seta) line ; each on a very small, oval or circular, not sharply demarcated, 
w^hitish porophore which is situated on a small, indistinctly demarcated, 
oval epidermal elevation. The anterior border of this elevation does not 
reach the posterior one third of X, and the posterior margin is just on 
the intersegmenta! furrow 10/11 which is slightly displaced posteriorwards. 
In general, its appearance is very similar to that of Dr. japonica. 

Female pores are scarcely visible on the anteriormost edge of XII, 
on ab’line. 

Spermathecal p)ores are found within CTescent-shaped depressions placed 
at the posterior margin of VII, just medial to c, or sometimes between 
b and c but much nearer to c ; eUch pore represented as a minute, longi¬ 
tudinal, diagonal or transverse slit. Usually a very small spermathecal 
papilla is found within this slit. 

Genital papillae are similar in shape to those of Dr. japonica. They 
are found on Vll-Xl ; more frequently on VllF X, less frequently on 
XI, and rather rarely on VII; 18 in number, and in most cases 3-5; 
frequently those on X are pairly occurred though they are not always 
strictly symmetrical in position ; in most cases, that on XI is single and 
midventral; those on the other segments are considerably variable in 
position. 

Internal anatomy: 

Septa 5/6-8/9 much thickened, and the remaining ones thin or mem¬ 
branous; 9/10 and 12/13 slightly displaced posteriorly, dorsal part of 
10/11 displaced to the anterior part of XII, the others almost normally 
inserted. 

In all the examined 21 specimens, gizzards are two, in XII-XIII. 

Testis sacs constricted by. 9/10, usually the larger part lying in IX, 
about 1.9-2.5 mm in length and 1.3-2.0 mm in width. Sperm-duct is 
short with a few loose loops and passes into the parietes just antero- 
medially to prostate, about 5-7 mm long. Prostate large, thumb-shaped, 
usually slightly compressed at about ectal third, moderately warty on 
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surface^ about 1.8’-2.6mm long and 0.8-1.2 mm wide. C^mtval body 
slenderly tubular. 

Ovarian chamber closed off dorsally, but attached to the parietes 
laterally, widely separated ventrally. Ovisac moniliform or finger-shaped, 
extending posteriorly into XVI-XIX, not provided with posterior appendix. 

Spermatheca with atrium lying behind 7/8 ; ampulla spherical, about 
0.8-l.dmm in diameter: spermathecal duct long, about H lOmm long, 
looped, not sharply marked off from the ampulla, ectally passing into 
the lateral side of atrium in the middle portion. Atrium columnar, about 
1.0- 1.8 mm high, usually a little or a very little longer than the diameter 
of ampulla. 

Accessory glands tough-walled, sessile but moderately protruded into 
coelom. 

locality and material: Yenki, U) mature, 51 immature and juvenile 

sps. 

Distribution: Central China (Kiu-Kiang, Kiangsi), Manchoukuo. 

Remarks: 

The body, prostate and spermathecal duct of the Manchoukuo speci¬ 
mens are slightly smaller than those in Gates' material, but are distinctly 
larger than those of Dr. japonica. F'urther, 1 must mention here that 
all the present specimens are extremely contracted. The ovisacs have 
no posterior rod-like appendices as already mentioned as being the feature 
of Dr. japonica, but the other characteristics are similar to those of as 
described of this speck^s. 

Generally, the body-size is one of the most variable characteristics. 
The present species has been obtained from only two localities in (’hina 
and Manchoukuo; and as the specimens examined by Gates and by 
myself are rather few in number, the extent of the variation of the 
body-size is not yet clearly determined though it my possibly be greater 
than that of Dr. japonica. Furthermore we must remember that the 
body-size of both the Korean and Manchoukuo specimens of Dr. japonica 
is larger than that of the Chinese specimens of the same species. The 
presence or absence of the posterior appendix in the ovisac seems to 
have no systematic value. 

Although the present species appears to be a distinct species, a further 
examination will be needed to establish the validity of this assumption. 



268 


S. KOBAYASHI 


3, Drawida koreana Kobayashi 1938 

1938 Draunda koreana, Kobayashi, Sci. Hop. TAhoku Imp. Hniv., Biol., XIII, 2, pp. 

102 107, fiK. 3. 

Male porophore is of characteristic as mentioned in (he case of oriKinal 
specimens, being nipple-like or rather conical in shape. Spermathecal 
duct is short, thick and weakly musculated, and is about 3 mm long. 
Even in the immature specimerrs, the accessory glands of genital papillae 
are, however, poorly developcKl. In all the opened specimens, gizzards 
are three in number and located in XII-XIV. Unfortunately, as the 
specimens have been all macerated, the further examination was not 
able to make. 

Ix>calities and materials: Anshan and its vicinity, 14 mature and 7 
immature sps., August, ’38, by Mr. Kunio SuDA; Fengtien, a single 
immature sp., August 15, \37, by Mr. Kazbo Koba. 

Distribution: Central and North Korea, Manchoukuo. 

1. Drawida jeholensis, n. sp. 

TFig. 1 


Desenption: 

External characteristics: 

Length 52-66 mm, greatest diameter 2.8-3.5 mm, number of segments 
153“ 160. The region of the preclitellar segments is somewhat conical in 
shape, and resembles that of Dr. koreana and of Dr. nemora. Colour 
in formalin, uniformly whitish grey. 

C’litellum in IX~XIV, slightly swollen and slightly glandulated ; glandu- 
larity of XIV is less developed. In most of the .specimens, the ventro¬ 
lateral parts of both segments X and XI are also slightly glandulated 
and projects more or less ventral wards. 

Dorsal pores absent; epidermis along the middorsal line is not thin. 

Prostomium prolobous. 

Setae beginning on II, closely paired, small and not conspicuously 
projected, apparently a little stouter anteriorly than posteriorly. Setal 
distance ab is equal to cd; aa is slightly larger than be in the pre¬ 
clitellar region, but is smaller than the latter behind the clitellum ; dd is 
subequal to, or slightly .smaller than, 1/2 of the circumference. Setal 
distances taken from a specimen are as follows : aa : ab : be : cd : dd = 

17.2: ] .2: ] 4.5: 1.2: 74.5 on a preclitellar segment, 24:6:1.4:27:1.4:102,6 
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on a segment immediately posterior to the clitellum, 21: J.6: 2S: L.5: 79.7 
in middle portion of the body. 

Male pores are minute, in the form of transverse slits, seated on the 
top of somewhat conical or mamma-like porophore with oval base; the 
base of the porophore is about 0.7-0,8 mm in diameter and occupies 
about posterior 1/8-2/5 of X. The pejsterior margin of the porophore 
is always placed on the anteriormost part of XI beyond the intersegmental 
furrow 10/11, and the pore is found in the position corresponding to lO/J 1, 
between b and c but nearer to b. No trace of penis is found. In the 
anterior sid(‘ to the male porophores, the posterior furrow of th(‘. middle 
annulus of X (X with 8 annuli) is so deeply grooved, that it appears to 
be an intersegmental furrow' (Fig. 1, a). 

Female pores are also in the form of transverse slits, on anteriormost 



Fig. 1. Drawida jehnlensisy n. sp. a, ventrolateral view of IX \l, ra. X 18.9. 
b, a sp^ermatheca with atrium and an aecessory gland, ra. x70. 
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edge of Xn, in ab or b or just lateral to b, minute and not readily re¬ 
cognizable ; the location of the pores can, however, be determined in¬ 

directly by the greyish translucent appearance of the epidermis surround¬ 
ing the apertures. 

Spermathecal pores are minute, forming longitudinal (in all the 10 
specimens examined) slits on tl^e posterior margin of VII, just medial 
to c ; the region around the pore is slightly depressed in a crescent-shape. 

F^ach genital papilla is spherical, forming a small and dully glistening 
tubercle surrounded by a whitish, smooth, thick and slightly elevated 
glandular rim of the body skin (Fig. 1, a). The papillae are found on 
VII XI presetally or postsetally, between b and c or medial to b or 
midventrally; in most specimens, a single, small spermathecal papilla is 

found within each spermathecal depression, to be just lateral to the 

aperture. Their segmental position observed of 10 specimens at random 
is as follows : 


Position 

on VII -XI & in 7/8 . . . . 
on Vni XI & in 7/8 . . 
on VII-IX, XI & in 7/8 
on VII IX & in 7/8 .... 
on VII 'X & in 7/8 , ,. , 
on VII. IX, X & in 7/8 
on VII, IX & in 7/8. . . . 
on VIII XI . 


No. of specimens 
. 2 


t 

1 

1 

1 

1 

1 


Internal anatomy: 

Septa 5/6-8/9 moderately thickened, the rest thin; 10/11 is dorsally 
displaced posteriorly into the anterior part of Xll and ventrally into 
about iXl ; the remaining ones are approximately normally inserted. 

Gizzards are two or three in number, located in XII and XIII or in 
XI~XIII. Out of the 25 specimens opened, two in 15 specimens and 
three in 10 specimens. They are large and globular in shape ; the first 
one is, in most cases, well-musculated even when three present, and 
slightly pushes anteriorwards the testis sacs. Last hearts in IX. 

Testis sacs are one^ pair, of moderate size ; each rather deeply con¬ 
stricted by 9/10, usually lying its smaller part in IX, 2-3.5 mm long and 
1.3 2 mm broad. Sperm-duct is short with a few loose loops and passes 
into parietes jusi medial to prostate. Prostates are one pair, each rather 
small, thumb-shaped, usually slightly compressed, l~2mm long, narrowed 
ectally, slightly warty on surface. Central body is slenderly tubular and 
somewhat finger-shaped, about 0,6-1 mm long. 
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Ovarian chamber in XI is formed by 10/11 and 11/12; both septa 
are entirely fused dorsally but widely separated ventrally. All specimens 
are not yet completely mature; in both of ovarian chamber and ovisac, 
any free ova were not found (of 25 specimens opened). Ovisacs are 
slender and rod-like, and extend posteriorly into about XVI XX. Possibly 
the ovisacs may become finger-shaped when they attained their maturity 
being filled with ripe ova, 

Spermathecae with atria are found on the posterior face of 7 8 (Fig. 
1, b). Ampulla is ovoidal or rounded, of about 0.7-1.2 mm diameter. 
Spermathecal duct is thin, moderate in length, of about 5-7 mm long, 
looped almost in its entire length, and not sharply marked off from the 
ampulla ; it passes into the latcTal side of atrium at about ental third, 
and its lumen is fused with the ectal end of the latter. Atrium is 
columnar, nearly equal in length to the diameter of ampulla. 

Each accessory gland is tough-walled, ball like in shape with a very 
short duct. The gland corresponding to the spermathecal papilla is usually 
found just in front of the septum 7/8 (Fig, 1, b). 

h>caliiy and material: Chihfen, 44 semi-clitellate and 8 aclitellate 
sps., September, ’37, by Mrs. S. Kohasi and H. Tada. 

Remarks: 

In its external appearance the present species closely resembles IJr. 
koreana. In its internal features it closely resembles Dr. koreana. Dr. 
japonica and Dr. propatula. It is easily distinguishable from the last 
two mentioned by the large and rather conical male porophore and by 
its general body-shape; and from the first, which it most closely resembles, 
mainly by the distinctly longer and thinner spermathecal duct and also 
by the colouration of the body. 

5. Drawida gisti Michaelskn 1931 

1938 Drawida gi^ti, Kobayashi, Sri. Re|>. TohoKu Imp. Univ,, Biol., XITI, 2, pp. 95 iW, 
fig. 2. 

Colour in formalin, uniformly yellowish grey with lieshy red clitellum. 
Length 120 mm, greatest diameter 5,8 mm, number of segments 205. 
Clitellum clearly differentiated from the neighbouring segments by its 
colour and thick glandulation, in IXi -XIV; but, the colouration and 
glandulation on both segments IX and XIV are less distinct. Setae 
short, closely paired, those on II and clitellar segments delicate; setal 
distance aa^bc anteriorly and aa—be posteriorly. Head of penis hardly 
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visible externally; posterior edge of the male pore (slit-like) slightly 
elevated as a lip. Spermathecal pore, in 7/8, in c-line. Genital papillae 
absent. 

Three gizzards in XIL XIV. Testis sac constricted by 9/10, larger 
pan lying in X, of about 2.8 x 2.8 mm. Prostate large, /-shaped, glandular 
portion about 8 mm, its duct ?’-shaped, slender, about 2.2 mm; penial 
pouch somewhat peach-shaped, about 2 mm : penis slender, blade-shaped, 
about 2 mm. Ovisac conical in shape, smooth on surface, fully filled with 
ripe ova, extending posteriorly into about XV. Spermathecal atrium very 
large, with characteristic urn-shaped gland which is a little larger than 
the ampulla. 

Locality and matenal: Chinhsifm, 1 mature sp. 

Distribution: North China, Central Korea, South Manchoukuo. 

6. Drawida nemora Kobayashi 1936 

1938 Ihawidd nemora, Kokavashi, Sci. Hop, 'l^hoku tmi). IJniv., Biol., XIII, 2, f)p. 

102 . 

All th(! specimens at my hand cire strongly contracted ; body size is 
considerably variable. Hsinking-specimens (immature), about 65 x 5 inm 
in the largest one ; in a complete Tumen-specimen, 124 x 9 mm and number 
of segments 247 ; a Fengtien-specimen which is, however, broken in the 
posterior part, is intermediate in size between the formers. Cojouration 
is al.so variable : dorsally, yellowish blue in Hsinking-specimens, from dark 
to brownish blue with purplish and yellowish tinge in Tumen-specimens, 
dirty blue in Fengtien-specimen. 

The following description is mainly based upon the mature specimens 
taken from Tumen. Setae on 11 and on the clitellar segments are smaller 
than those on the rest. Spermathecal pores are invisible externally, but 
the position is indirectly recognizable from th(‘ indistinct transversely 
crescent-shaped or slit-like depression which is found on the posterior 
edge of VII; in all cases, within the depression is found a light-coloured 
lip-like minute swelling. In all the present materials, gizzards are four 
in XITXV. Yellowish brown, finely tubular masses are found on the 
dorsal vessel, Accompanied by the blood sinuses. Testis sacs large, yel¬ 
lowish, about 5 X 3.6 mm ; sperm-duct moderate in length, as thick as the 
spermathecal duct. Prostate poorly developed, with thin glandular invest¬ 
ment, half hurried in the parietal wall, discoidal in shape, about 2 mm 
in diameter; the terminal status of the male organ is similar to that of 
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the original specimens. Ovisac voluminous, containing a large amount 
of ripe ova, extending posteriorly into about XV. Spermatbecal duct 
long, terminating without any trace of atrial dilatation just in front of 
7/8; ampulla fairly large, ovoidal, about 4 x 3.5 mm ; close to the ectal 
end of the duct is found usually a rather firmly-formed discoidal accessory 
gland. X 

Localities and materials: Hsinking, 10 immature sps., August, ’34; 
Tonryan, near Fengtien, 1 immature sp., August, ’37, Mr. K. Koba ; 
Tumen, 3 mature sps., August, ’38. 

Distribution: Central and North Korea, (’entral Manchoukuo. 


Family Megascolecidae 

(lenus PHERETIMA Kinbkrg em. Michaelskx 1900 
7. Pheretima hupeiensis (Mkhari sen i 1895 

f^hvntima hupf'U'nshs, KoHA^Asm, Sci Rep. Tehoku Imp. Unjv., liioL, XI11, 12, 
pp. 152 155. 

Most of both Fengtien- and Tashihchiao-specimens are h(‘av’ily infected 
by (iregarine parasites, but both Harbin- and ('hinhsien-specimens are all 
appanmtiv healthy, 1'estis sacs of X and XI are eitluT annular or verti¬ 
cally U-shaped. 

Locxxlitivs and matcnah : Harbin, 5 clitellate sps. and several frag¬ 
ments; F’engtien, 9 aclitellate and juvenile sps.; 1'ashihchiao, 6 clitellate 
and 1 aclitellab' sps.; (Uairen, based upon a verbal communication from 
Mr. .]. OlziJ Ml); Antung, .several clitellate and aclittdiate sps., August, '35. 

8. Pheretima aggera Kobayashi 19‘H 

2 ; 

1938 Phrrf>tim(i Kobavashi. Sci. Rf‘p. 'r6hoku Imp. 1 Biol, Xlll, p. pp. 

153 155, 13, a. 

Description: 

External characteristics : 

Body long with numerous segments : generally longer than the Korean 
specimens. Length 175 -298 mm, greatest diameter o.5 10 mm, number 
of segments 150-171. Colour in formalin; doisally dark brown and con¬ 
centrated middorsally and preclitellarly, ventrally light brown or sometimes 
rathcn' pale, clitellum chocolate. First dorsal pore in 12/13, distinct and 
functional; an indistinct and non-functional pore-like marking may be 
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rarely found in 11/12. Setae small, slightly enlarged on both preclitellar 
and posterior segments; ventral ones on preclitellar segments may be 
irregularly interrupted. No marked difference in size and also in interval 
is found between ventral and dorsal ones. Both mid-dorsal and -ventral 
breaks present but slight, approximately aa—1.3 2 ab and zz—1.5-2.5 z>\ 
Setal number subequal to that of the Korean specimens; spermathecal 
setae 20~23/VIIl, male pore setae lf>-2]. Of the male pore setae, 3-4 
are always found on the medial part of male disc, and of those, the 
extreme lateral one is usually smaller than the rest and is often not 
clearly visible externally. 

Crescent-shaped secondary male pores with moderate elevation are 
found on ventrolateral surface of XVIIIthe body wall lateral to the 
pore is light-coloured, prominently elevated and lacks the setae. Within 
the shallow copulatory chamber is found a wrinkled and glandulated male 
disc, on which 3-4 setae are planted. On the disc, at the extreme lateral 
side which is slightly lower than the medial part or often slightly sunken 
into the coelom, is found a very small, transversely club-shaped male 
porophore (Fig. 2, a). The porophore is anteriorly and posteriorly pro¬ 
vided with two very small oval brownish yellow papilla-like swellings 
which are half hurried into the ground tissue. Male pore opens as a 
minute aperture at tht^ lateral part of the club-shaped porophore. These 
porophore and papilla-like swellings form a small but firm, laterally directed 
arrow-head-like body ; this body may be more or less variable in form 
corresponding to the degree of the contraction of .the specimens (F"ig. 2, 
b-d). This structure is definite in existence, though it has not been 
described in my previous papers. In all the Manchoukuo specimens, no 
genital papillae are found on the large raised part of the disc 'medial 
to the porophore. Frequency of the occurrence of these papillae was 
examined using the Korean specimens. They are 0-4 in number on 
each disc ; it is not rare that they are totally absent on both sides, and 
on the contrary, it is rather rare that they are 4 on each disc. When 
a single papilla exists, it resembles somewhat that of Ph. tschiliensis^ 
but is much smaller. PA. aggera which was described in my latest paper 
(’38) in reality contains two species of the present species and Ph. tschi- 
liensis ; the Sainei-specimens on which I made a special remark and gave 
an illustration in that paper, concern to the latter S{)ecies. 

Spermathec’al pores, three pairs in 6/7-8/9; each situated on a small 
papilla like swelling which is found within a large, eye-shaped depression. 
Both anterior and posterior borders of the depression is moderately swollen. 
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When the depression is closed, the pore is invisible externiilly. To the 
spermathecal depression anteriorly or posteriorly or both, one or two 
very small simple swelling-like genital papillae are often found on VI~1X 
or on some of them. Size, and frequency of occurrence of the papillae 
are similar to those seen in the Korean specimens. As the papillae of 
the present species are clearly different in shape, si/e and also in position 
from those of Ph, tschiliensis, these two species may be easily distinguishable 
from each other only by these filatures of this structure. 

Internal anatomy: 

Septum 8/9 ventrally present but thin, 9 19 absent. Intestine begins 
to swell in XV. Caeca simple, in XXVII, extending anteriorly into about 
XXII, large and long, finger-shaped with broad basal portion, each ventrally 
with several serriformed outgrowths. Hearts in X XIII, fairly large; 
those in X subequal in calibre to those in XI-XIII. Lymph glands small, 
club-shaped, found behind caecal segment caudalw'ards. 

Seminal vesicles moderate in size or often rath(T small, circular or 
oval in shape, vesicular on surface, each with a moderately-sized, distinctly 
constricted, ovoidal, smooth dorsal lobe; usually th(‘ anterior pair of vesicles 
are smaller than the posterior. Testis sacs ventral in position and moderate 
in size ; the anterior pair forming a low or a very low' U-shaped sac and 
the posterior pair a quadrate sac. Pseudovesicles, one pair, moderate in 
size, club-shap(‘d, behind 12/13. Prostate gland small, occupying only 
two or more of segments, in XVIII- or XVILI-XIX, divided into many 
fingoT-shaped pieces. Duct usually curved in a U-like manner, the ental 
half is slender being of nearly equal thickness while the ectal half is 
very thick and musculated, being about 5 or more times as thick as the 
former (Fig. 2, e). With the narrowed ectal end, the duct enters, through 
a cushion-like, moderately-sized glandular tissue of the male disc, into the 
arrow-head-like body, and opens at the tip of the porophore within the 
shallow copulatorv chamber ; on both sides of the ectalmost of the duct, 
two, very small, oval shaped, apparently soft accessory glands are 
recognizable embedded in the tissue without stalk. 

Spermathecae large (Fig. 2, f). Ampulla rounded, sometimes uneven 
or irregularly wrinkled on surface. Duct thick and musculated, slightly 
narrowed in the ectal part, nearly equal in length to the ampulla, sharply 
marked off from the latter. Diverticulum arising from the ectal end of 
the ampullar duct, always longer than the main portion ; the ectal portion 
which serves as duct, is short and subequal in length to the ampullar 
duct which is thick-walled and nearly straight, while the remaining longer 
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ental portion is thin-walled, slightly dilated, coiled into severdl compact 
loops running in zigzag manner and Ls inclosed within a delicate sheath. 
Small stalked accessory glands are found inside corresponding to genital 
papillae externally present. 

Localities and materials: Chinhsien, 8 clitellate and 7 aclitellate sps.; 
Tashihchiao, 15 clitellate and 11 aclitellate and juvenile sps.; Dairen, 9 
clitellate and 3 aclitellate sps.. May, ’37, by Mr. J. OizuMi; (Chihfen, 5 
aclitellate and juvenile sps., Sept., *37, by Mrs. S. Kohasi and H. Tada); 
(Sanjuriho, Chinchow, Pitzewo, Kakuchingpo, TaLseishan, in Kwanto Pro¬ 
vince, ba.sed upon a verbal (communication from Mr. J. 6r/UMi). 

Distribution: Central and South Korea, South Manchoukuo. 

Remarks: 

It is noteworthy that the genital papillae found on the male disc are 
absent in all cases of the Manchoukuo specimens, though they are often 
present in the Korean specimens. 

The present species is specifically distinct from Ph. tschiliensis, though 
in many respects they arc closely allied. The main differences existing 
between them may be found in the following points: (1) the minute 
structure of the terminalia of the male genitalia, (2) the size, shape and 
relative position of genital papillae found in the spermathecal region,, 
and (3) the size and shape of both seminal vesicle and prostate (with 
duct). jP/i. asiafica, Ph, tibeianay Pk. yamadai h-iorm (Chen *33), Ph, 
f^hamiy Ph. praepinguis. Ph. tschiliensis and th(^ present species very 
closely resemble one another in many respects. But, each of the first 
five species appear to be more closely allied to Ph, tschiliensis than to 
the present species. But, as we have not any really accurate information 
about these five species, a re-examination of them is very desirable, and 
at present, 1 am therefore not able to give here any further particulars 
concerning the synonymy or dissimilarity between these species. 

All the present specimens are apparently free from parasites. In the 
younger specimens from Chihfen, the spermathecal pores, genital papillae 
and prostatic duct are very poorly developed, though they are charac¬ 
teristic in shd^pe and in position. Juding from these features, they may 
be probably identical with the present species, 

9. Pherctima tschiliensis Michaelsen 1928 

(Fijr 3) 

Phereitma tMchUierws^ Michaelsen, Ark. Zool., XX, 2, pp. fig. 3. 
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1930 Pheretima kinngsuensis, Chkn, Sci. Rep, Centr. l^niv. Nanking, I, 1, PI’. 21-28. 

7 9. 

1931 Pheretima tschilievsis, MicHAFXSEN, iyin#<nan Sd. Jour. Vlll, p. 160. 

1931 Pheretima tsckiliensis, Mk'Haelsen, Peking Nat. Hist. Hull., V, 3, p. 2. 

1931 Pheretima kiangsuensis, Chk.n, C'ontr. Hiol. I..ab. Sci. Soc. China, VH, 3, pp. 119- 
122, fiR. 1. 

1933 Pheretima tschiliensis, (xiRN, ibid., IX, 6. p. 2.30. 

1935 Pheretima tarJiiliensis, (iAi’KS, Smithon., Msir. Coll., XCIII, 3, pp. 16 18, figs. 13 
& U. 

1938 Pheretima tschiliensis ?, Kohayashi, Sd. Rep. TOhokii Imp. Cniv., Biol., XIIl, 2, 

p. 151, fig. 13, b. 

1939 Pheretima tsehiUeasis, Gates, Proc. U S. Nat. Mus., 85, pp. 488 194^. 

Description: 

External characteristics: 

Length 154197 mm, greatest diameter 7 8 mm, number of segments 
140- 145. Colour, dorsally brownish blue anteriorly, purpli.sh brown 
posteriorly, ventrally dusty grey or pale, clitellum dusty chocolate; in 
the specimens preserved in formalin, the blui.sh colour is fadded away. 
Prostomium, epilobous ca. 1/2; moderate in length and in width. First 
dorsal pore in 12/13, distinct and functional ; frequently, it may he non¬ 
functional though is distinct. Clitellum entire, in XIV-XVI, without seta(\ 

Setae moderate in size, beginning on II; usually tho.se on II-IX slightly 
enlarged ; no marked difference in size and also in interval is found of 
the ventral and dorsal ones. Middorsal breaks very slight if present, 
and midventral ones slight, approximately aa=l.5-2.5 ah. Setal number 
taken from several specimens is as follows : 38 43/111, 5()-54/V, 54~56/VI, 
53-57/VlII, 57-b()/IX, 59-61/XlI, 57-58/XIII, 63-69/XXV, spermathecal 
setae 20-22/VI, 21-24/VlI, 22 26/VIIl, 23-28;lX, male pure setae (5 -7)3 
(10-13)+ (5-6)-21-24 (5-7 on disc). 

When the copulatory chamber is retracted, the general appearance of 
XVlll is very clo.se to that of Ph. aggera; but, when a large genital 
papilla is exposed in various degrees from the mouth of the chamber, as 
its appearance is characteristic we may easily identify the present species. 
Within the shallow copulatory chamber provided with a crescent-shaped 
secondary pore, is found a wrinkled raised male disc, on which 5-7 setae 
are planted and also a single presetal (constantly) fairly large cirquiar 
and centrally depressed genital papilla is always placed (sometimes, this 
papilla is rather raised from the surface of the disc). On the disc, at 
the extreme lateral side which is slightly lower than the medial larger 
part, is found a very small circular male porophore. Anteriorly and 

" l received this paper after the completion of this manuscript. 
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posteriorly to the male porophore are found two (rarely, one on one side), 
very small but distinctly demarcated, circular and centrally depressed 
genital papillae. These porophore and genital papillae are, as a whole, 
in the form of a small but firm body which may be protrusive (Fig. 3, a). 

Spermathecal pores, three pairs in 6/7-8/9; each representing in a 
very minute aperture in the intersegmental furrow, just anteriorly with 
a shallow crescent-shaped depression containing one or two indistinctly 
demarcated lip-like swellings and just posteriorly with a light-coloured 
<Tescent-shaped ridge. When the region is sunken into the intersegmental 



Fig.\S. Pheretima tschiliensis Michaelsen. a. ventrolatorul vk*\v of malo poro 
region of one side (copulatory chamber is half everte<I and a largo genital papilla 
on male disc and male porophore with two very small genital papillae are seen 
externally); b, spermathecal region (VII & VJII); c, a prostatic duct; d & e, sper- 
mathecae; a-e, ca. x 12.6. 
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furrow, both the aperture and the depression become invisible externally ; 
even in such case the borders anterior and posterior to the pore are 
swollen. In all cases no spermathecal papillae are found. Genital papillae, 
three pairs on VII~IX, always presetal along the setal zone : each medial 
to the spermathecal pore-line with about H-^5 setal distance, circular and 
centrally depressed, slightly smaller and less distinct in central depression 
than the larger papilla on the male disc. They occur rather constantly, 
though some of them are sometimes absent; of these three pairs, those 
on VIII are most constantly found (Fig. 3, b). 

Internal anatomy : 

Septa generally well-developed ; 5/6-718, 10/1J and Jl/12 much thicken¬ 
ed, 12/13 less thickened, 8/9 ventrally thin and is found between the 
last pair of the spermathecae, 9/10 absent. Gizzard behind 7/8, globular 
in ■^hape; intestine begins to swell in XV. Caeca simple, large and long, 
horn-shaped, in XXVll, extending anteriorly into about XXII or XXIII, 
each ventrally with several serriformed outgrowths. Hearts in X XIII; 
those in X are large, but sometimes they are bound to the anterior face 
of 10/11. Cymph glands large or moderate in size, lobular, found behind 
caecal ^gment caudalwards. 

Seminal vesicles, vesicular, voluminous, fairly large, occupying all the 
interior of the respective segment and dorsally meeting with one another ; 
each with a large dorsal lobe. Dorsal lobe of the anterior pair may 
sometimes be subdivided into two or three smaller ones. Testis sacs 
ventral in position, massive and large; the anterior pair forming a U-shape 
and the posterior a transverse sac. Pseudovesicles, one pair, small or 
sometimes very small, behind 12/13. 

Prostate gland large, usually in XVGXXI, divided into many finger- 
shaped pieces. Duct long, looped in a hair-pin-shape; entally rather thin 
and ectalwards gradually increasing the thickness and muscularity (Fig. 3, c), 
Ectal end of the duct becomes thinner and enters, through a fairly large 
cushion-like glandular tissue, into a firmly-formed body situated at the 
bottom of the copulatory chamber, and opened at the tip of the porophore. 
Accessory glands with solid stalks are found dose to the ectal end of 
the prostatic duct corresponding externally to the smaller papillae. A 
similar gland but of larger size, corresponding to the larger papilla, is 
found near these. 

Spermathecae fairly large, three pairs in VII-IX. Ampulla large, 
ovoidal, with smooth surface. Duct thick, slightly shorter than the 
diameter of ampulla, not sharply marked off from the latter, sKgbtly 
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enlarged at the ectal part. Diverticulum subequal to, or a little shorter 
than, the main portion; the ectal half slender but thick-walled, entering 
into the ampullar duct at its ectal end close to the parietes, and the 
ental half thin-walled, slightly dilated, coiled into several compact loops 
running in a zigzag manner; a delicate sheath present around these but 
is rather indistinct (Fig. 3, d 4& e). No accessory glands are found close 
to the ectal end of the ampullar duct. Slightly posteriorly to each sper- 
matheca is found a large accessory gland with stalk ; its glandular portion 
is often divided into two or more numbers of smaller lobes. 

Loco/f/t/ and material: Chinhsien, 15 clitellate and 22 aclitellate and 
juvenile specimens. 

Distribution: North and Central China, South Manchoukuo, Central 
Korea. 

Remarks: 

Pli, tschiliensis is placed, at present, systematically in a confusing 
manner. In the original paper, it was inadequately described by Michael- 
SEN (’28), According to Gates (’35), Chen’s I^h. yaniadai-Aiovm (’33), 
Michaelsen’s Ph, asiatica (’00) and Ph. tibetana (’31) are all synonymous 
with the present species; if this is really the case, the present species 
and th<‘ others above mentioned are synonymous with Ph, asiatica. Ac¬ 
cording to Chen (’36), Gates’ Ph, grahami and Ph. pra^^inguis (’35) 
are also synonymous with the present species. Re-examination of these 
questionable and little known species is very desirable. 

Ph. tschiliensis { —Ph. kiangsuensis) has been most adequately charac- 
teriz€;d by Chen (’30 & ’31). His Nanking- and Soochow-specimens arc 
different in some characteristics from the Omei-ones (it is questionable to 
me whether they are specifically identical or not). According to his 
description, the occurrence, number and size of spermathecal papillae (not 
genital papillae : see, '38, KOBAYashi) are variable in the Chinese speci- 
mens; his descriptions are as follows: in the Nanking- and Soochow- 
sjieciotens (’30) there is “ anteriorly an ampulla-like round topped papillae 
which, in some cases, is absent.Also the small glands around sper¬ 

mathecal region may be absent*’, and in the Omei-speciniens (’31) there 
is Skin around spermathecal pores usually strongly swollen and glandular 
in appearance; pale in colour, often wrinkled around the pore;. .. .Two 
or more targe button-shaped papillae situated posterior and anterior to 
each pore (largest one about 1.5mm in diameter)”, and in the re-exami- 
nation (*38) of the MichaelseM’s type ” spermathecal pores with genital 
papillae”. In the present study, with regard to the presence or absence 
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of the spermath<H:al papillae a careful examination was made (and like- 
weise of the accessory gland), but none of them was found in any of the 
Manchoukuo specimens. 

I think that the constant occurrence of a large presetal genital papillae 
on the male disc has a systematic value. In fact, except Chen’s Kwan- 
hsien specimen, its occurrence is constant in the Chinese specimens. One 
smaller, postsetal genital papilla on the male disc of some of the Nanking- 
and Soochow-specimens described by Chen, is absent in all the Manchoukuo 
specimens. Considering the description and figures given by Chen, his 
Nanking- and Soochow-specimens of Ph. tschiliensis seems to contain two 
species of the present species and Ph. aggera. 

Judging from Chen’s description (’30), the relatively smaller size of 
the seminale vesicles, of the prostate glands and of the spermathecae in 
his Nanking- and Soochow-specimens may be caused on the one hand, 
at least in some degree, by infection from parasites, or on the other 
hand by the fact that his specimens partly included Ph. aggera which 
have those organs smaller. The present specimens arc apparently free 
from parasites, and as in his Omei-specimens, and in some of the Nanking- 
and Soochow-ones, the seminal vesicles and spermathecae are fairly large 
and also the prostate glands. 

Ocxurrence of the present species in Central Korea is shown in the 
paragraph relating to Ph. aggera in the present paper. 


Family Lumbricidae 

Genus EISENIA Malm 1877 em. Michaelsen 1900 
10. Eisenia nordenskioldi (Eisen) forma typica 1879 

1910 Helodrilun (Eisenia) nordenskidldi tyfnca, Michaelsen, AnJn. Mus. Acad. Imp. Sci. 
St.-Fetersbur*jr, XV, pp. 17 18. 

1924 Eisenia nordenskidldi typica, SvErn.ov, Bull. Ihst. Rech. Biol, Perm, 2, p. 322. 

1929 Eisenia nordenskidldi typica, Michaelsen, Ann. Mus. Zool. Acad. Sci. I’URSS., 
XXX, p. 329. 

Description: 

Length 60 110 mm, greatest diameter 3~6mm, number of segments 
124-166; generally in the range of 130-145. In spite of a large number 
of worms were obtained, the complete ones were rather small in number. 
Colouration somewhat resembles that of £. foetida. In fully-extended 
worms, intersegmental furrows may appear yellowish, but they do not 
show any banded appearance as in the case of the latter species. Dorsally 
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deep or slightly darkened violet-red, ventrally whitish to yellowish grey; 
dorsolateral surface of IX-XI faded ; clitellum fleshy or sometimes yellowish 
flesh. 

Prostomium, epilobous ca. 1/3-1/2. First dorsal pore in 4/5, distinct 
and functional. 

Setae moderate in size, closely paired, ab/>cd and aa>bc throughout 
the entire length of the body, or aa —ca. 7-8 ab —lA-lf be, dd a little 
or a very little smaller than 1/2 of the circumference. Setae ab of about 
XXV XXXV or most of them and cd of X-XII or -Xlll may be planted 
on whitish indistinct tumescences. These genital setae are not large 
being about 0.5-0.6 mm long, proximally curved slightly, distally nearly 
straight but provided with a keel-like curvature and with longitudinal 
grooves in its about distal 1/4-1/5. 

Clitellum saddle-shaped, usually in XXVI or XXVII-XXXlll (-7 or 
8); seldom VnXXVI-XXXIIl or XXVI-/.XXXllI, or very seldom XXVI- 
XXXII or XXVII-XXXII (-6-7'/.). In all the Chiamussu-specimens, 
it extends from XXVIl-XXXIII. In the others, such constancy is not 
found, Pubertatis tubercle, usually in XXIX-XXXI, seldom in ^XXVIII- 
XXXI or XXIX-^XXXI or iXXVIII-iXXXI ; it is usually of a distinct 
groove immediately lateral to b-line, sometimes it may be of a slightly 
elevated ‘ ridge \ or seldom, it may be rather indistinct. 

Male pores on XV, usually without marked glandular elevation, be¬ 
tween b and c, nearer to b. 

Spermathecal pores, two pairs in 9/10 and 10/11, close to middorsal 
line. 

No septa specially thickened; 6/7 8 9 slightly thickened. Crop in 
XV-XVI; gizzard in XVII XVIII. 

Testes and funnels free, in X and XI. Seminal vesicles, four pairs 
in IX-XII; the anterior two pairs on the anterior faces of 9/10 and 
10/11, and the posterior two pairs on the posterior faces of 10/11 and 
11/12. Vesicles in IX and X moderate in size and usually simple in 
feature; those in X are slightly (or sometimes clearly) smaller than those 
in IX. Those in XI and XII are larger than the anterior two pairs, 
and are in most cases slightly lobated. 

Spermathecae small and ball-like, each provided with an inconspicuous 
stalk. 

Localities: Hailar, llikete, Tsitsihar, Keshan, Harbin, Chiamussu, 
lyasaka, Poll, Mutanchiang, Tumen, Kirin, Hsinking, Fengtien, Fsifeng, 
Chinhsien. 
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Distribution: Siberia, E.S.-Russia, Manchoukoo. (N.-Europe, N.- 
America, Hawaiian Island doubtful). 

Remarks: 

The present species is th<‘ commonest earthworm found in North 
Manchoukuo. Its general appearance resembles that of E. foetida. It is 
noteworthy that in all the Chiamussp-specimens the clitellum extends from 
XXVIl-XXXIII, though in the others no such constancy was found, and 
that its exteasion agrees with that of the specimens which have been 
reported from Siberia and Eastern Russia. With regard to the shape 
of the pubertatis tubercle, the two types were found to be nearly the 
same as that given in Michaelsens work (TO a); but the usual type of 
the Manchoukuo specimens agrees with that of N.E.-Siberian ones. In 
most cases in the soil, in which the worms lived, a number of cocoons 
were found at the depth of about 10-20 cm, 

11. Eisenia ncMrdenskioldi forma manshurica, n. subsp. 

Description: 

Colour in formalin : dorsally, from dusty red to blackish red with a 
faint purplish tinge, preclitellarly concentrated, and lateral and dorsolateral 
surface of IX -XI faded ; ventrally dusty grey ; clitellum deep purplish or 
dusty brown ; its colouration is clearly different from that of f. typica. 
Length 111 -144 mm, greatest diameter up to 6.5.mm, number of segments 
154-175. Prostomium, epilobous ca. 1/3. First dorsal pore in 4/5. 

Setae are generally a little larger than those of f. typica; setal distance 
ab>cd, aa>bc, dd a little shorter than 1/2 of the circumference. Setae 
ah of XXII-XXXV (or most of them) slightly enlarged and planted on 
very small whitish tumescences; cd of XlV-XXXIV (or most of them) and 
ab of V-IX may be also slightly enlarged, but are not so markedly 
enlarged and are not planted on the tumescences as in the case of the 
former setae. Genital setae are about 0.8 mm long, proximally only 
slightly curved ; the distal about 1/4 slightly thinner than the proximal 
and is provided with longitudinal grooves (examined a ventral, seta from 
the clitellar region). 

Clitellum saddle-shaped, in XXVI- or XXVII-XXXIV (-8-9). Puber- 
tatis tubercle in XXIX-XXXII; it is of a distinct groove, and is placed 
immediately lateral to bdine. 

Male pores on XV, without marked glandular elevation, between b 
and c, nearer to b; its general appearance closely resembles that of f. 
typica. 
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Seminal vesicles, four pairs; the anterior two are small and simple 
in shape; those in X are a little smaller than those in IX. The posterior 
two are much larger than the anterior ones, and each of the former is 
divided into 2~3 lobules in the anterior face. 

Spermathecae ball-like, each with an inconspicuous stalked portion 
which may be slightly longer than that of f. typica. 

Localities and materials : Chinhsien, 4 semi-clitellate sps.; Anshan, 2 
clitellate and 2 aclitellatc sps.; August, '38, by Mr. Kunio Suua ; Mutan* 
chiang, 2 semi-clitellate sps. 

Remarks: 

The present form stands related more closely to f. lagodechienms than 
to f. typica, in the longer extension of the clitellum and in the features 
of the pubertatis tubercles. But, it differs from f. lagodechiensis in being 
destitute of the glandular elevation around the male pore, in the coloura¬ 
tion of the body and in the relative size of the seminal vesicles. The 
male pore is similar to that of f. typica in general aspects. 


12. Eiaenia rosea (Sav.) forma typica 1826 

1924 Etsema rosea, SvKTLOV, Bull. Inst. Kech. Biol. Perm, li, p. 322. 

1935 Eiseiiia rosea typica, C'ernosvitov, Morrogr. t.st^heehosl. Lumb., p. 37. 

1936 Eisenia tosea, Kobayashi, Sci, Rep. T6hoku Imp. Univ., Biol., XI, 1, p. 1H.3. 

1937 Eisenia rosea, (^ERnosvitov, Hec. Ind. Mus., XXXIX, 2. 107. 

1937 Eisenia rosea typica, Tetby, Bull. Mus. Hist, Nat., IX, p. 143. 

1938 Eisenia rosea, Tetry, ibid., X, p. 74. 

Localities and materials: Keshan, 3 clitellate sps,; Fengtien, 1 clitel¬ 
late sp., June 27, ’37, by Mr. K. Koba. 

Distribution: Whole Europe, Syria, Transcaucasia, Turkey, Siberia, 
N. & S. India, Egypt, Morocco, Canary Islands, Azores, Kapland, 
Catham Island, N. & S. America, New Zealand, Japan, Korea, Manchoukuo. 

13. Eisenia rosea (Sav.) forma macedonica (Rosa) 1893 

1926 All(4obophora (Eisenia) roSea macednnica, PiCKi'OHt), Nat Hist. Wicken len. III, 
p. 227. fig. 2, B & D. 

Localities and materials: Keshan, 3 clitellate sps. ; Nanhkingan, slightly 
distant from the political boundary of Inner Mongolia, 1 clitellate sp.; 
Tumen, 1 clitellate $p.; Mutanchiang, 1 clitellate sp.; Chaoyangchen, 2 
cliteliate sps. 

Distribution: Macedonia, Switzerland, England, Manchoukuo. 
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A note on E. rosea f. typica and f. macedonica, 

Eisenia rosea typica is a form of tho world-wide distribution. E, rosea 
macedonica has been found only in Macedonia, Switzerland and England. 
PiCKFORD (’26) reported these two forms and their intermediate form from 
Wicken Fen. F. Tnacedonica, Michaklsen described in his Tierreich 
“ Giirtel von 25. order 26.-31 , 32. order 33. Seg. ( -6 bis 8). Ventral 
Borstenpaare des 26.-33. Segm. auf kieinen papillen am Rande des 
Giirtels. Im ubrigen glek^h der typischer Form.”, and Pict^ford described 
in her paper ” In f. macedonica, which has ventral papillae in the region 
of the clitellum, there were usually both lateral and ventral papillae ir¬ 
regularly disposed between segments 8-13. In f. tyjnca these were 
normally absent, and ventral papillae frequently occurred on or al>out 

segment 24.A number of specimens of intermediate character occurred, 

the number of clitellar segments bearing copulatory papillae and the size 
of these papillae varying greatly.” Thus, there are found some slight 
differences concerning the genital papillae between the English and the 
continental specimens; the number and position of genital papillae which 
have been treated as the criteria for these two forms of this species vary 
considerably. 

In the Manchoukuo specimens, the number and position of the genital 
papillae also vary considerably, and there are found two forms and an 
intermediate form a.s with Pickford’s specimens. It seems to me, judging 
from the present examination, that it is not necessary to separate these 
two forms. However, when considering the characteristic status of their 
distribution, the separation of the forms above mentioned appear to have 
some significance from the taxonomic viewpoint. Thus, a further study 
of these two forms is much to be desired. 

The number and position of the genital papillae examined in the two 
forms and in the intermediate forms are indicated below. 

According to Pickford, it is said that in Wicken Fen, f. macedonica 
is much less numerous than L typica. It is noteworthy that most of the 
Manchoukuo specimens belong to f. macedonica though the total number 
examined is very small. If the separation of these two forms is essential, 
the occurrence of f. macedonica in Manchoukuo has an important signifi¬ 
cance in concerning the distribution of the family Lumbricidae. In the 
tendency of the superpapillation^ f. macedonica of Manchoukuo appears 
to be more closely related to the forms found in Macedonia and in Switzer¬ 
land than to those in England. 
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No. 

Locality 

I. f. typica 
Right 


No. of 
specimens 

1 

Keshan 

0 

0 

1 

2 

.. 

od of 9 & 10 

cd of 10 12 

1 

3 


cd of 9 12 

cd of 9 & 10 

1 



II. f. macedonica 


1 

Keshan 

cd of 9 
ah of 24-33 

0 

ab of 24-33 

1 

2 


cd of 10-12 
ah of 27 :U 

cd of 10 12 
ah of 27*34 

1 

3 

- 

< d of 10 12 
al. of 27-:W 

0 

ab of 27 :M 

1 

4 

Nanhkingan 

cd of 9 
ah of 25 33 

cd of 9 ' 
ah of 25 33 

1 

5 

'Lumen 

cd of 10 
ah of 29 31 

cd of 11 
ab of 29 31 

1 

6 

Chaoyangchen 

ah of 25. & .30-32 

ab of 31 & 32 

1 

7 


ah of 27 *32 

ub of 27-32 

1 

H 

Mutanchiung 

cd of 10 12 
all of 19-13 
ah of 24 32 

cd of 11 & 12 
ab of 11 13 
ab of 24-32 

1 



III, Intermediate 

form 


1 

Keshan 

ab of 8 
cd of 10 & 11 
ah of 27 

ah of 8 
cd of 10 & 11 

0 

1 


14. Eisenia foetida (Savigny) 1826 

1924 Allolobophora foetida, Sasari, Sci. Rep. T6hoku Imp. Univ., Hiol, I, 1, pp. H9 90. 
1905 EUcnia foetida, Cernosvitov, Monogr. tschechoMl. Lumb., pp. 84 36. (literature: 
sjpe this paper). 

1935 Eisenia foetida, Kobayashi, Zool. Magaz.. 47, p. 130. 

1936 Eisenia foetida, Kaburaki and Misaka, Zool. & Botany in Nikko, p. 514. 

1936 Eisenia foetida, Nomura and Kobayashi, Zool. Magaz., 48, pp. 885 893. 

1937 Eisenia foetida, ^^’ernoisviTov, Rec. Ind, Mus., XXXIX, 2, p. 107. 

1937 Eisenia foetida, T^ttry, Bull. Muii Hist. Nat., IX, p. 143. 

1938 Eisenia foetida, 'rfeTRY, ibid., X, p. 74, 

1938 Eisenia foetida. KobayasHI, Ann. Zool. .Japon., XVH, 3-4, p. 416. 

1938 Eisenia foetida, Kobayashi, Jour. Chosen Nat. Hi.st. Soc., XXIV, pp. 6-18. 

Locality and material: Dairen, 1 clitellate and 1 aclitellate sps., by 
Mr. J. OizUMi. 

Distribution: Whole Europe, Japan, Korea, S. Manchoukuo, N. & 
S. America, Canary Islands, Azores, Madeira, Bermuda Islands, Africa, 
Hawai, New Zealand, Australia, India, Burma. 
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Genus ALLOLOBOPHORA Eisen 1874 em. Rosa 1893 
15. Allolobophora hataii, n. sp. 

(Figft. 4 & 5) 

Description: 

Length 78-97 mm, greatest diameter 2-3.2 mm (in clitellar region), 
number of segments 134-142. Except the clitellum, segments behind 
male pore region with 3 annuli. Colour uniformly grey except the 
clitellum which is light yellow or light brownish yellow. 

Prostomium proepilohous (Fig, 4, a). First dorsal pore in 4/5, some¬ 
times in 5/6. 

Setae closely paired ; setal distance aa is nearly twice as be; ab is 
greater than cd ; dd is smaller than 1/2 of the circumference; aa : ab: 
be : cd : dd r 1/2 /^ = 96 : 7 : 46 : 5 : 175 : 194 observed on a segment im¬ 
mediately posterior to the clitellum. Setae cd of X, XI and XII, and 
ab of XV, XVI and XXV-XXXII are situated on papillae; ab of IX 
may rarely be also situated on papillae. Of these papillae, those on XV 
and XVI are prominent and are constantly found (Fig. 4, b & c; Fig. 5). 

Clitellum saddle-shaped, in XXIV-^XXII; it is not rare that it invades 
anteriorly XXlll and posteriorly XXXIII ( — 9 or a little more than 9). 
Pubertatis tubercle in XXIX-XXXI, ridged and distinct in outline, im¬ 
mediately lateral to the papillae in position (Fig. 5). 

Male pores are seated on very prominent and somewhat irregularly 
circular papillae, on XV, encroaching anteriorly about half on XIV and 
posteriorly about one third on XVI. On each side of XV, a papilla 
with setae ab is coalesced with the male pore-papilla, and setae cd are 
situated on the dorsal part of the latter (Fig. 4, b & c; Fig. 5). 

Female pores were not definitely identified. 

Spermthecal pores are absent. 

Septa 6/7, 7/8 and 8/9 moderately, 9/10 slightly thickened, the re¬ 
maining ones thin. Crop in XV-XVI; gizzard in XVII-XVIII, 

Testes and funnels are free in X and XI. Seminal vesicles four pairs 
in IX-XII, darkened in colour; the posterior two pairs are larger than 
the anterior ones, and are either nodular in appearance or consist of a 
few small spherical lobules; those in X are nearly equal in size to those 
in IX. 

Spermathecae are entirely absent. 

Setae cd of X-XII, and ab of XV, XVI and XXV-XXXII (rarely, 
ab of IX also), are found in the internal dissection to be contained in 
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Fig. 4 AUolobophora imtaii, n. s>p. a, prostomium, 
ca. x22.3; b, ventral view of XIL-XVII; c, lateral view 
of IX--XV1I; b & 0 , ca. X12.6. 



Fig. 5. Allolobophom 
hataii^ n. sp. Ventral view 
of the anterior part of the 
body, drawn with free hand. 


large sacs, each of somewhat triangular shape. These genital setae are 
almost similar in form to one another ; almost straight but proximally 
slightly curved, grooved at nearly distal half, rather bluntly pointed at 
distal end; setae cd of X^-XIII are slightly longer than the others, about 
0.7 mm long. 

Localities and materials: Chinhsien, 18 clitellate and 3 aclitellate sps.; 
Tashihehiao, 1 clitellate sp. 

Remarks : 

The specific name is dedicated to my teacher, Dr. Shinkishi Hatai. 

The present species closely resembles in many respects AIL prashadi 
Stephenson which was recorded from India. But, it differs from the 
latter in the constant occurrence of the genital papillae on XV and XVI 
and in the aspect of the male pore (perhaps also in the characteristic 
features of the papillae of X-XII). No spermathecae were recognizable 
in the parietal wall. 
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J6. Allolobophora harbinensis, n. sp. 

rFigs. 6 & 7) 

Description: 

Length 76-96 mm, greatest diameter 2.7-3.3 mm (in the clitellar region), 
number of segments 134-144. Segments near the male pore region and 
those posterior to the clitellum of 3 annuli; but, the annulation is 
generally indistinct, ("olour uniformly grey except the clitellum which is 
brownish yellow. 

Prostomium proepilobous. First dorsal pore in 4/5 (in all specimens). 

Setae closely paired; setal distance aa is nearly twice as ab; ab 
is slightly greater than cd; dd is less than 1/2 of the circumfei^nce; 
aa : ab : be : cd : dd : 1/2 —93 : 7.5 : 45 : 6 : 178 : 191 on a segment im¬ 
mediately posterior to the clitellum. Setae 
ab of XXVII-XXXll are situated on papil¬ 
lae : ab of IX and XII and cd of IX, X 
and XII are also situated on papillae, but 
some of these are often absent (Fig. 6). 

(4itellum saddle-shaped, extending from 
XXV or J AXXV or seldom XXVI, to 
XXXIl or i-iXXXIIl (-7-8.1). Pubertatis 
tubercles usually in XXIX- XXXI, or some- 
tintes in XXIX-iXXXI, narrow but distinct 
groove with slightly elevated margin, im¬ 
mediately lateral to the papillae in position 

(Fig. 6). 

» b 


Fi^^. 6. Allolobophora her 
binenxis, n. sp. Ventral view ot 
the anterior part of the body, 
drawn with free hand. 
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On each side of XV, there is found a moderately elevated papilla, 
somewhat resembling a horse-shoe in .shape; it is laterally opened, en¬ 
croaching a very little into both of XIV and XVI, just lateral in position 
to ventral setae ; male pore is found in the mid-area of the horse-shoe 
(Fig. 7, a & b). 

Female pores are ('learly visible on XIV, just lateral to seta b (Fig. 
7, a & b). 

Spermathec'al pores, two pairs in 9/10 and 10/11, on cd-line. 

Septa 6/7 8/9 moderately, 9/10 slightly thickened, the rest thin. 
Gizzard in XVII XVllI. 

Testes and funnels are free in X and XI. Seminal vesicles four pairs 
in IX XII, darkeiif^J in colour; the posterior two pairs are larger than 
the anterior ones, and are nodular in appearance or form a few number 
of small spherical lobules ; those in X are nearly equal in size to those 
in IX. Spermathecae small ; ampulla spherical, thin-walled, with a re¬ 
latively long duct; through the thin body wall they are usually seen ex¬ 
ternally, 

I'he ventral and lateral setae of IX, X and XII are seen through the 
internal dissection to be contained in large and somewhat triangular sacs; 
they are proximally grooved and are about 0.8 mm long. The ventral 
setae of XXVIF XXXII are similarly grooved and are about 0.5 mm long, 
but these are contained within the usual setal sacs. 

Locality and material : Harbin, 11 clitellate and 6 aclitellate specimens. 

Remarks : 

The present species is closely allied to AIL prashadi and AIL hataiiy 
but differs from these mainly in having sp(»rmathecae and in the aspect 
of the male pore. 

17. Allolobophora dairenensis, n. sp. 

(Fig. 8 & 9} 

Description: 

length 80-111 mm, greatest diameter 3.5-5.5 mm, number of segments 
137-139. Except the anterior end, body dorsoventrally flattened and 
somewhat four-edges; behind the male pore region (except the clitellum) 
segments are tri-annular; both anterior and posterior ends are rather 
bluntly terminated. Colour uniformly pinkish ; clitellum is fleshy red and 
resembles that of Drawida gisti Michaei^sen. 

Prostomium proepilobous. First dorsal pore in 4/5. 
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Setae closely paired ; setal distance aa is nearly twice as be; ab is 
slightly greater than cd; dd is smaller than 1/2 of the circumference; 
aa : ab : be : cd : dd : 1/2 83; 8 : 38 : 6: 132 : 160 in a segment immediate* 

ly posterior to the clitellum. Setae cd of X, XI and XII (or most of thehi), 
and ab of IX (on one side in one specimen), XV, XVI and of clitellar 
segments are situated on papillae (Fig. 8; Fig. 9, a & b). 

Clitellum saddle-shaped, in XXIIl-XXXlII (=11). Pubertatis tubercles 
in XXIX-XXXI distinct in outline being ridged by three prominent papillae 
{F\g. 8 ; Fig. 9, a). 



Fig. 8. AUolobophora dairenennut^ n. sp. Lateral view of the anterior 
part of the body, drawn with fre^e hand. 



Fig. 9. AUolobophora dairenensin, n. sp. a, pubertatis tubercle; b, ventral 
view of XUI-XVII; a & b, cu. K12.6. 

Male pores on XV; seated on prominent papillae^ somewhat ovoidal, 
slightly encroaching into both of XIV and XVI; setae ab are planted 
on medial border of the male pore-papilla and cd are just dorsal to it. 
The ventral portion lying between the male pore-papillae and the ventral 
surface of the anterior two thirds of XVI are also elevated but in a slight 
degree. Thus, XV and the greater part of XVI appear to form, as a 
whole, an elevated rectangular plate. On XVI, the setae ab are planted 
on the posterior margin of the elevatkm (Fig. 9, b). 
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Female pores, one pair on XIV, just lateral to seta b (Fig. 9, b). 

Spermathecal pores are absent. 

Septa 5/6, 10/11 apd 11/12 slightly thickened, 6/7 9/JO moderately 
thickened and musculated, the rest thin. Crop in XV-XVl ; gizzard in 
XVII-XVIII. 

Testes and funnels are free in X and XI. Seminal vesicles four pairs 
in IX XIh whitish: the anterior two pairs are much smaller than the 
posterior ones; those in X are slightly smaller than those in IX. 

Spermathecae are entirely absent. 

The setae cd of IX XII, and ab of IX, XV, XCI and of the clitellar 
segments are found through the internal dissection to be contained in 
large sacs. Except the proximal end which is slightly curved, they are 
almost straight, grooved and moderately pointed; those of IX-XII about 
0.77 mm long, those of XVI about 0.6 mm long, those of th(' clitellar 
segments about 0.66 mm long and those of XV about 0.57 mm long. 
Those of XV are grooved at about distal 3/5 1/5, while the rest of the 
genital .setae grooved at about distid*half. 

Locality and material: Dairen, 3 clitellate and 2 aclitellate specimens. 

Remarks: 

Among the athecal species of the genus, the present species r(‘b(‘mbles 
All. prashadi and AIL hataii, but differs from th(‘se mainly in the coloura¬ 
tion of the body, in lh(' body 'shape, in the extension of the clitellum, in 
the male pore aspect and in the shape of the pubertatis tubercle. 

18. Allolobophora jeholensis, n. sp. 

(Figs. 10 & 11) 


Description: 

Length 41*'53mm, greatest diameter 4-4.6 mm,' number of segments 
132-140. Body cylindrical in form ; each segment behind the male pore 
region with 3 annuli. Unpigmented; body appears generally pale and 
clitellum limy white. 

Prostomium, epilobous 1/4-1/3 or proepilobous (Fig. 10, a c). 

First dorsal pore in 4/5. 

Setae closely paired; setal distance ab is larger than cd ; aa is nearly 
twice as be; dd is a little smaller than 1/2 of the circumference; 
aa : ab : be : cd : dd —40 : 3.8 : 22:2,6:78 in a segment immediately posterior 
to the clitellum. The setae cd of IX-XII (or most pf them) and ab of 
XV, XVI and of the clitellar segments are planted on papillae; the 
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papillae on the clitellar segments are less distinct than those on the rest. 

Clitellum saddle-shaped, moderately swollen, in XXIII-XXXII or 
--XXXHI (~10 or 11), Pubertatis tubercle distinctly ridged; the region 
just lateral to the genital papillae of XXIX~XXXI is thickened and dis¬ 
tinctly stretched lateralwards. The ventral part of these segments are 
also, however, a little thicker than the remaining part of the clitellum. 
Even in most of the aclitellate specimens, the characteristic appearance 
of the clitellar region is slightly developed (Fig. 11). 





Fig, 10. Allolobopknra jeholeruis^ n. sp. a-t*, pro- 
stoniium; d, lateral view of X XIX; a d, ca. x 12.6. 

Male pores are situated on XV, between b 
and c, slightly nearer to b ; seated on prominent 
papillae of somewhat ovoidal shape, encroaching 
anteriorly into the greater part of XIV and 
posteriorly a very little into XVI (setae ab of 
XVI are planted on the elevation); the mid- 
ventral portion of XIV-XVI is also slightly 
elevated, thus the ventral part of these segments 
appears to be, as a whole, an elevated rectan¬ 
gular plate (Fig. 10, d). 

Female pores, one pair on XIV, just lateral 
to b (Fig. 10, d). 

Spermathecal pores are absent 

Septa 6/7-9/10 moderately thickened, the rest thin. Crop in XV- 
XVI ; gizzard in XVII-XVIII. 

Testes and funnels are free in X and XI. Seminal vesicles are four 
pairs in IX-XII, whitish; the anterior two pairs are smaller than the 



Fig. 11. Allolobophora 
jeholensis^ n. *p. Ventral 
view of the anterior part 
of the body, drawn with 
fri*e hand. 
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posterior ones; those in X are a little smaller than, or nearly equal to 
those in IX. 

Spermathecae are entirely absent. 

Performing an internal dissection, the setae cd and ab on the genital 
papillae are found to be contained within the respective large sac ; sacs 
in IX-XII are larger than those in others. Setae cd in IX-XII about 
0.84 mm long, ab in XV about 0.74 mm long, those in XVI and in the 
clitellar segments about 0.0 mm long. They are similar in shape to one 
another; almost straight except the proximal end which is slightly curved, 
and are grooved and moderately pointed distally. 

Locality and material: Chihfen, 8 clitellate, 5 semi-clitellat(‘ and 14 
aclitellate sps., September 18, ’37, by Mrs. S. Kohasi and H. Tada. 

Remarks: 

The present species differs from the other athecal members of the 
genus mainly in the characteristic appearance of the clitellar region and 
of the male pore region. 

19. Allolobophora caliginosa (Sav.) forma typica 1826 

1924 All, caliginosa tj^pica, SvFrn>ov, Bull. Inst. Hcch. Hiol. Perm, II, p. 323. 

1926 All. cjaliginosa typica^ PicKFoKi), Nat. Hist. Wicken Fen, III, p. 228, Hgs. 4, A & H. 

1931 All. califiinnsa typica^ Zool. Jahrb. Syst., p. 5.37. 

1934 All. caliginosa typicoy Sc lArcHiTANO, Fauna Parco Naz. Gran Poradiso, III. p. 4. 

1935 All. caliginosa typica, CKftNOSviTOV, Monogr, tschechosl. Lumb., pp. 52 53, (ij;. 35. 

(Literature: see this paper). 

1937 All. caliginosa typtca, Cernosvitov, Mitt. K5nigl. Naturwiss. Insl., X, p. 8.5. 

1937 AIL caliginosa typica, TprrRY, Bull. Mus. Hist. Nat., IX, pp. 146-148. 

Description: 

Length 125-156 mm, greatest diameter 4.2“4.8 mm, number of seg¬ 
ments 148”169. Colour uniformly light slate-blue. Prostomium, epilobous 
ca. 1/3. Most of the segments behind male pore region with 3 annuli 
which are rather indistinct; postclitellar region appears somewhat monili- 
form. First dorsal pore in 9/40. 

Setae closely paired, aa>bc and dd ijearly equal to 1/2 of the cir¬ 
cumference. Setae ab ot IX-XI and of XXX, XXXII and XXXIV (or 
sometimes, of XXX and XXXII or XXXll and XXXIV) are planted on 
genital papillae. The genital papillae of IX-XI are not so prominent; 
those of tlie clitellar region are distinct but irregular in outline. 

Male pores slit-like, between b and c in XV, seated on prominent 
papillae which encroach into both of XIV and XVI. 
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Spermathecal pores, two pairs in 9/10 and 10/11, on cd-line. 

Clitellum saddle-shaped, usually in XXVII-XXXV or rarely in XXV^IIJ- 
XXXV (^8.2“9). In most cases, pubertatis tubercles art' rather inter¬ 
mediate in position and also in shape between f. typica and f, trapezoides. 
But, its shape and position differ from those in f. trapezoides; i. e. (1) 
puberty wall ” in this form consists of two elevations lateral to se'ta b 
in XXXI and XXXIII (on each side); (2) even if each elevation encroaches 
into both of the anterior and posterior segments, there are always found 
a transverse gap separating these two elevation from each other; (3) 
sometimes, in addition to the formers there is found an indistinct elevation 
in XXXII. but th(‘se three are nev(T coalesced entirely with one another 
and thus nc'ver form a single glassy groove-like striation as in the case 
of f. frapezoides. In semi-clitellate specimens, the puberty walls are 

clearly recognized being restricted in XXXI and XXXIII. 

Septa 5/6 11/12 moderately or much thickened: the following ones 
become gradually thinner. Seminal vesicles of the anterior pairs are 
smaller than the posterior ones, Spermath(*cae provided each with a stalk 
are small, embedded within th(‘ thickened septa. Setae ab on th(' genital 
papillae are found, through an internal dissection, to be contained wdthin 
moderately large sacs ; these setae are almost straight except the slightly 
curved proximal end, and are grooved and moderately pointed distally. 

lineality and material : Harbin, 11 clitellate and 2 aclitellate specimens. 

Distribution: Whole Europe, Siberia, N. India, N. & S. America, 
S. Africa, Azores, Madeira, Australia, New Zealand, Manchoukuo. 

20. Allolobophora caliginosa (Sav.) forma trapezoides (A. Dug,) 1828 

1926 All. aili^nn.sa trapezoides, 1*kkfori), Nat Hist. Wicken Fen, III, p. 228, (ig. 4, e. 

1931 All. caliginosa trapezoides, CilEN, Uontr. Blul. Lab. S( i. Soe. China, Zool, Sor., 
VJI, X pp. 168-169. 

1938 AIL caliginosa trapezoides, Chen, ibirl . IX, 6, pp. 216 217, 11 & 12. 

1934 All. caligino.sa trapezoides^ SciACcHlTANO, Arch. Zool. Italiflno, XX, p. 14, 

1935 AIL calijginnsa trapezoides, O.RNOSVITOV, Mono^?r- tsehechosl, lAimb,, p. 53. Litera¬ 

ture: see this paper). 

1935 All. caliginosa trapezoides, CK.RNrwxrrov, Mem. Soc. Zool. Tscecosl. Prague, III, 
p. 4. 

1935 All. caliginosa trapezoides, Kohayashi, Zool. Maga/.., 47, p, 130. 

1936 All. caliginosa trapezoides, Nomura atid Kohavashi, ibid., 48, pp. 885-893. / 

1937 AH. caliginosa trapezoides, CERNOSvrrov, Mitt. Konigl. Naturwiss. Inst., X, p. 85. 

1937 All. caliginosa trapezoides, Gavrii/jv, Zool. An^., 118, p. 146. 

1938 All. caliginosa trapezoides, KohaYASHI, Ann. Zool. Japon., XVII, 3-4, p, 414. 

1938 All. caliginosa trapezoides, Kobayashi, Jour. Chosen Nat. Hist. Soc., XXIV, pp. 6. 
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It is noteworthy that, except in the case of f. tmpezoulcs^ both of f. 
iypica and f. trapezoides are rather small in number. The former subspecies 
is not found in the southern part of Manchoukuo, and the latter was not 
found in the northern. In Korea, the latter has been found in almost 
every locality where collections have been made (exce])t in the far northern 
regions). Judging from their distribution in Manchoukuo, f. typica may 
be a “ Kalteform ” and f. trapezoicU>s a “ Warmeform ” as Michaelsen 
mentioned (‘10 a). 

linealities and materials : Dairen, H clitellat(* and 9 aclitellate sps.; 
Hunho near Fengtien, 1 clitellate sp.: Hushun near Fengtien, J clitellatc 
sps.; (various parts of the Kvvanto Province, based upon the verbal 
communication from Mr. J. OizuMi). 

Distribution: Widely distributed in the temperate zone: Europe, 
Transcaucasia, I'urkey, India, Persia, Japan, China, Egypt, Algeria, S. 
Africa, Australia, N. & S. America, Manchoukuo. 

2). Allolobophora sp. 

Unfortunately as the specimens are of aclitellate and already macerated, 
it was unable to identify the species definitely. Apparently they seem 
to differ from the other Eumbricid worms of Manchoukuo dealt with in 
the present paper. Body-size^ 1 U) x 5.5 mm. Prostomium, epilobous ca. 
2/3; posterior demarcation distinct. First dorsal i>ore in 1/5. Sdae 
closely paired, aa^>bc. Spermathecal pores, two pairs in 9/10 and 10/M, 
on cd-linc. 

Locality and material: Tiehsi near Fengtien, 2 aclitellate specimens, 
May, '37, by Mr. K. Koba. 

Genus BIMASTUS Mooke 1893 
22. Bimastus parvus (Eisex) 1874 

1933 Biniastus parvus, Chk.n, Contr. liiol. I^b. Sci. Soc. China, Zool. S( i., IX, (i, pp. 

222-224, Fir. 13. 

1936 Bimastus sp,, Kobayashi, Sci. Rep. T6hoku Imp. Cniv., Hiol., XI, 1, p. 1S3. 

1937 Bimastus parvus, CcRNOsvfTov, Hoc. Imi. Mus., XXXIX, 2, p. 111. 

1938 Bimastus parvus. Gates, Bull. Raff. Mus., SinRapore, XIV, p. 222. 

193H Bimastus parvus, Komayashi, Jour, ChAsen Nat Hi.st. Sot., XXl\\ [>. 6. 

Description: 

Length 31-72 mm, greatest diameter 1.2 2.7 mm (in clitellar region), 
numlrer of segmejits 91-124. Colour, dorsally red and concentrated in 
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anterior part, clitellum grey or pinkish in some specimens with incomplete 
clitellar glandularity. Prostomium, epilobous ca. 1/2 4/5. First dorsal 
pore in 5/6. 

Setae closely paired : setal distance aa : ab : be : cd : dd - 18:4:15:3:48 
in a segment immediately posterior to the clitellum ; dd is nearly equal 
to i/2 of the circumference. 

Clitellum saddle-shaped, in XXIV^-XXX {--7): in one Fengtien-speci- 
men in XXIIIA XXX (==7.i), in one Mutanchiang-specimen in XXIII~XXX 
(-8). Pubertatis tubercles are always indistinct and often not recognizable ; 
in XXV XXVIII, or XXIX, or - XXX. 

Male pores on XV, each seated on a whitish, slight elevation, between 
b and c. Female pores on XIV, close and lateral to b. 

No septa specially thickened. Seminal vesicles in XI and XII. Sper- 
mathecae absent. 

lAKalities: Harbin, Chiamussu, Mutanchiang, Kirin, Yenki, Tumen, 
Hsinking, Chaoyangchen, Shanchengchen, Fengtien, Tashihehiao, Antung, 
Chinhsien. 

Distribution: Japan, Korea, China, Tibet, India, St. Paul Island, 
S.W. Africa, N. & S. America, Java, Malay Peninsula, Manchoukuo. 

23. Bimastus beddardi (Michaelsen) 1894 

1900 HeUxirilus (Bimastus) heddardi, Mi( HAKLSEN, Tierroich, pp. 502-503. 

1901 Helndrilus (Bimastus) brddardi, Michaelsen, Bull. Acad. Imp. Sci, St.-Petersburg, 

XV, 2, p. 213. 

1902 Hclodrilus [Bimastus) beddardi^ Michaelsen, Jahrb. Hamb..Wiss, Anst., XlX, 2, 

p. 50. 

1910 Helodrilus (Bimastus) heddardt^ Mit’HAELHrcN, Ann. Mus. Zool. Acad. Imp. Sci. St.- 

Petersburg, XV, p, 64. 

1917 Helndrilus (Bimastus) beddardi^ Smith, Proc, U. S. Nat, Mus., LII, pp. 15-16. 

Description: 

Length 29^68 mm, greatest diameter 1"2.7 mm (in clitellar region), 
number of segments 97 -125. Colouration similar to that of B, parvus. 
Prostomium, epilobous ca. l/2'2/3. First dorsal pore in 5/6. 

Setae closely paired ; setal distance aa : ab: be: cd: dd == 20:4:17: 3: 57 
in a segment immediately posterior to the clitellum; dd is nearly equal 
to 1/2 of the circumference. 

Clitellum saddle*shaped, in XXIV-XXXI ( — 8); out of 11 cliteliate 
Harbin-specimens, in two cases in XXIV-^XXXIl (^8^) and in four 
cases in XXIII~XXX1 ( — 9); out of 21 cliteliate Chiamussu-specimens, in 
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two cases in XXllI-XXXl (~9); out of 21 clitellate Paichongtze-speri- 
mens, in one case in XXIV-XXXII ( — 9), in seven cases in XXIIPXXXI 
( — 9) and in one case in XXIIIi-XXXI (—8.1). l^uhertatis tubercles are 
always indistinct, and sometimes are not recognizable. 

Male pores on XV, each seated on a whitish, slight elevation, between 
I) and c. Female pores on XIV, close and lateral to h. 

No septa specially thickened. Seminal vesicles in XI and XII. Sper- 
mathecae absent. 

Localities: F^aichengtze, Keshan, Harbin, Phiamussu. Mutanchiang, 
Shanchengchen. 

Distribution: N.-E. Mongolia, Tibet, Irland, N. America, Hawaiian 
Island, Manchoukuo. 

A note on B. parvus and B. heddardi. 

As stated in the foregoing descriptions, B. parvus and B. beddardi re* 
semble each other. Michaelskn (TO a, p. 61) has expressed a doubt 
concerning their .specific distinction. Smith (T7, p. 17) has stated that 
their resemblance is only apparent, and that they are actually distinct 
from each other. (And, the same writer (’27) asserts that the structures 
of the calciferous glands of both species conform with that of B, gieseleri,) 
According to the study he has made of the American specimens, B, bed¬ 
dardi differs from B. parvus in the following points: (1) the clitellum 
uniformly extends a little beyond the posteriad ; (2) the body is somewhat 
longer, but the number of segments is less; (3) the setae are more closely 
paired ; (4) the anterior segments are comparatively a little smaller than 
the others, and the prostomium is broad and blunt, which all tend to 
give the anterior a comparatively broad and blunt appearance (in B, parvus, 
the anterior segments are decidedly more reduced in diameter, and the 
end seems to be considerably pointed). 

A careful examination was made of these four characteristics. 

(1) Clitellum. In B, beddardi, usually it extends from XXIV XXXI, 
and in one specimen into XXXII and in two specimens into ;^XXX1I; 
while in B, parvus usually in XX1V~XXX. In both species, it is not 
unusual for the clitellum to begin to swell in XXIII. Michaelsen ('09 
& TO a) has also reported on similar cases in the Kashmir- and the 
Chinese^specimens of B. parvus, and of the Tibetan specimens of B. 
beddardi. In a few cases of both Chiamussu- and Tumen-specimens, the 
clitellum was seen extending from XXIV or XXIIU-JXXXI or -iXXXl. 
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If no further distinct differences are recognized in other characteristics, 
in which species should these specimens be classified ? And also, in many 
specimens of B. pawns the clitellum invades, though verv slightly, into 
XXXI. But, if the setal ratio is taken into consideration, it becomes 
clear that such ambiguous specimens must belong to B. parvus. 

(2) Body length and number of segments. In B. pannis, the body 
length is 31 72 mm and the number of segments 91-121; while in B, 
hcddardi, the formcT is 29 68 mm and the latter is 97-125. Thus, both 
species closely resemble each other in these characteristics. In the case 
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of B. parvus, the largest number of segments hitherto known is 111 as 
reported by Smith (17) of the specimens taken from America and it is 
also 111 as reported by Chen ('31 & '33) of the specimens obtained 
from Central China. In the case of B. h(*ddardi it is 97 as reported by 
Smith of the specimens which came from America. In the Manchoukuo 
specimens, the number of segments in both species is considerably larger 
than those reported in both the American and Chinese specimens. The 
body length and the number of segments are of systematic importance^ 
and they show a slight cm sometimes a considerable variation. Unless 
the extent of the variation of these characteristics is clearly recorded, we 
shall not be able to estimate their significance. But in the Manchoukuo 
specimens of these two species, though they are rather few in number, 
no marked difference in these characteristics was found. The frequency 
of the body length and number of segments is indicated above. 

(3) Setal distance. In several specimens, the setal distance was 
measured from one segment situated immediately posterior to the clitellum. 
1 he results are indicated below. In the Manchoukuo specimens, the setal 
ratio in B. heddardi is very little larger than that in B. panms; such 
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distinct difference as seen in the American specimens are not to be per- 
ceived. Besides, the setal ratio obtained of the Fengtien-, Tumen- and 
Mutanchiang-specimens in the case of B, parvus is nearly equal to that 
of B. beddardi. On account of such trifling difference in the setal ratio, it 
is very difficult to identify the species. And, as already stated in the case 
of the clitellum (1), identification may he hardly possible at all if the 
clitellar extension is taken into consideration together with the setal ratio 
too. 

(4) Shape of the anterior end of the body. No constant difference 
between the two species was found in the shape of the anterior end of 
the body and in the shape of the prostomium. 

In the opinion of Smith, with whom on this point I agree, the close 
resemblance of B. parvus and B. beddardi is only apparent the two being 
really distinct from each other. The distribution of each species appears 
to endorse this conception. But, at the same time it seems to be reason¬ 
able to treat B. beddardi as a variety of B. parvus. Thus, the re-exami¬ 
nation of the original specimens and the close study of the variations in 
the important features of the American specimens of these twT> species 
seem to be very desirable. 

Genus OCTOLASIUM Oerley 1885 
24. Octolasium lacteum (Oerley) 1885 
(Fig. 12; 

1924 Octolasium lacteum, SvFrrLOV, Bull. Inst. Rech. Biol. Perm, 2. pp. 324-325. 

1932 Octolasium lacteum, Sciacchitano, Parco Naz. Gran ParaeJiso, III, p. 6. 

1934 Octolasium lacteum, Sciacchita.no, Arch. Zool. Italiano, XX, p. 18. 

1935 Octolasium lacteum, Cernosvitov, Monogr. tschechosl. Lumb., pl>. 70~7], figs. 59 

60. (Literature: see this paper). 

1936 Octolasium lacteum, Cernosvitov, Rec. Ind, Mus., XXXIX, 2, p. 111. 

1937 Octolasium lacteum, Cernosvitov, Mitt. Konigl, Naturwiss. Inst., X, p. 89. 

1938 Octolasium lacteum, Cernosvitov, Zool. Anz,, 122, p. 288; 123, p. 19^). 

Description: 

Length 131mm, greatest diameter 4 mm, number of segments 126. 
Body cylindrical; secondary annulation indistinct or may be said to be 
absent. Colour in formalin, pinkish grey; unpigmented; clitellum light 
flesh. 

Prostomium, epilobous ca. 1/2. First functional dorsal pore in 12/13, 
distinct; in 10/11 and 11/12 indistinct and non-functional pores are found. 

Setae found on segments anterior to male pores ate paired, ab<Cbc^cd 
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or aa:ah:be;cd:dd: l/2/>—29:6:16:4:108:95 
in IX ; those posterior to male pores are either 
widely paired or separated, ab^bc^cd or 
aa : ab ; be: cd : dd : 1/2 - 27 :11 : 10: 7:63: 73 
in a segment immediately posterior to the 
clitellum. Setae a and b of XII (left side 
only) are planted on a small but distinct 
genital papilla; on internal dissection they 
are found to be contained within usual setal 
sac; about 0.7 mm long, grooved at about 
distal half, nearly straight but proximally 
slightly curved, distally pointed rather bluntly. 

Clitellum saddle-shaped, in XXX-XXXV 
( — 6). Fubertatis tubercles in gXXX-^XXXV, 
darkened, each of a long groove (Fig. 12). 

Male pores slit-like in XV, between b and 
c, nearer to b ; each on a marked elevation 
which encroaches a little into the both of 
XIV and XVI (Fig. 12). 

Female pores on XIV, just lateral to seta b. 

Spermathecal pores, two pairs in 9/10 and 
10/11, on c-line. 

Any septa not thickened especially; 6/7- 
8/9 moderately thickened. 

Seminal vesicles, four pairs in IX-XII; 
those in IX and X are digit if orm and clearly 
differ in shape from those in XI and XII, 
Testis sacs present. Spermathecae spherical, 
each with a very inconspicuous stalk. 



Fig. 12. OttolcunuTn lac- 
tetim Oh:Ri.b:Y. Ventral \irv\ 
of the anterior part of thr 
l>ody, drawn with free hand. 


Locality ai^d material: Harbin, a single clitellate specimen. 
Distribution: Widely distributed in Europe, Austria, Hangary, Yugo¬ 


slavia, Bulgaria, Switzerland, Spain, France, Germany, England, Tschecho- 


Slovakia, Rupiania, Italy, W. & S. Russia, Algeria, Azores, Canary Islands, 
Aland Islands, North America, Mexico, Uruguay, Australia, North India, 


Manchoukuo. 
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(;i:nekal DisrHiBirnoN, and the amount of kainfai.l 

AND THE TEMPERATURE TAKEN AS THE DELIMITINO 
FACrORS FOR THE DISTRIBUTION OF THE 
TERRESTRIAL OEIGOCHAETES 

Manchoukuo is bounde'd on the west by the st('[)pes and deserts of 
Gobi, and on the north by the severely cold plain of Siberia, while on 
the south and south east it is bounded by North China, the Yellow Sea 
and Korea which are relatively temperate in climate. Thus, the worms 
in this country can be said to live under three different climatic environ¬ 
ments, viz. aridity, low temperature and relatively moderate temperature. 
It is clearly recognizable from the present study that the amount of 
rainfall and the temperature are the most important factors in delimiting 
the distribution of the terrestrial oligochaetes. 

The amount of annual rainfall and the annual mean temperature are 
illustrated in Fig. 13. As is clearly shown in the figure, the amount of 
annual rainfall gradually diminishes from east to west. The district 



Fi^. 13. a, annual mean temperature; b, amount of the annual rainfall (mm). 
From OfiA (’31) (after Tobita and Irie). In every region, the monthly amount of 
rainfall in largest in summer and is smallest in winter. 

which is situated to the west of the Manchurian Railway, is called 
“ Eastern Gobi ”, which consists of alkaline soils, sandy lands and steppes, 
and in which the amount of the annual rainfall is less than 500 mm. In 
Mongolia it is probable that the amount of annual rainfall is only 200- 
350 mm, though no accurate measurements in that country have been 
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made. On the contrary, in the south-eastern district of Manchoukuo 
which lies close to Korea it amounts to as much as 1,000 mm. 

In Manchoukuo the temperature becomes gradually lower towards the 
north and in the region north of the former Eastern Chinese Railway 
the annual mean temperature is lower than 2 -3"(\ But, in the coastal 
region and in the districts close tQ North China, it is about 8° KTC. 

By the 500 mm isohyet, Manchoukuo is divided into two parts, viz. 
the west which is arid and the east which is wet. By the two isoth(‘rmal 
lines of 2 - 3'C and of 8^C, this country may be again divided into three 
parts, viz. the north which is severely cold, the central cold and the 
south relatively temperate. Thus, if these two factors of rainfall and 
temperature are combined, Manchoukuo may be divided into six districts. 
Ihey are the north-west (N.W.) arid and .severely cold, the north-east 
(N,E.) wet and sev(Tely c(dd, the Cfmtral-west (C.W.) arid and cold, the 
central-i‘ast (C.E.) wet and 
cold, the south-west (S.W.) 
arid and temperate, and the 
south-east (S.W.) wet and 
tem])erate. Th(‘ distribution 
of the worms among these 
districts is illustrated in 
Fig. 15. 

In the N.W. and C.W. 
districts where the amount 
of annual rainfall is less 
than 4(X)~‘5()0 mm, no ende¬ 
mic species arc found and 
the population of worms is 
generally very low. In the 
N.W., in the localities of 
Hailar, llikete and Tsitsihar, 
only a Siberian Lumbricid 
form, Eisenia nordenskioldi 
typica, was collected. 

In the C.W., four pereg¬ 
rine forms, viz. Eisenia rosea 
macedonica , A llolobophora 
caliginosa typica^ Bimastvs 
heddardi and Drowida japo- 



Fi^f. 14. lA)caUtirs wherr tlio collectioiis were 
made. 1. Hailar. 2. Ilikote. ,3. Isitaihar. 1. Nanh- 
kin^(an. 4^ Halun-Arshaii. 5. WanKv^^hnnuo. G. 
Keshan. 7. Chiamubsu, H lyusaka, 9. Poli. 10. 
Mulunchianji. 11. Harbin. 12. Paichoni^tze ( lau- 
an). 13. HsinkiiiK- 14. Kirin 15. lumen. ]6. ^enki. 
17. ChaoyonRchen. IR. Shanchengrhen. 19. .San- 
taitze. 20. Fsifeng. 21. FcmgticMi. 22. An^ihan. 23. 
Ta.nhihchiao, 24. (. Chinhsinn. 26. An 

tung. 27. Dairen. 
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Fig. 15. Distribution of 24 forms in Manchoukuo. 
1. Eisenia nordenskidldt typica. 2. E. rnxienskialdi 
manshurica. 5. E. rosea typica. 4, E. rosea maccdo' 
nica. 5. E. foetida. 6. AUolobophnra hataii. 7. All. 
harlrinensvf. 8. AIL dairenensis. 9. All. jeholensis. 
10. All. califdnosa typica. 11. All. califipnosa trape- 
zniiieg. 12, Biviastus parvus. 13. B. beddardi. 14. 
Drawida japonica. 15, fjr. propatula. 16. Dr. korc' 
ana. 17. Dr. jeholensis. 18. Dr. fdsti. 19. Dr. ne- 
mora. 20. Pheretima hupeiensis. 21. Ph. aggera. 
22. Ph. tsehiliensis- 23. All. sp. 24. Dctolasium 

lactcuTTi. 


nica were found. The 
population of worms be¬ 
comes gradually lower to¬ 
wards the west, and in such 
regions close to the political 
boundary of Mongolia as 
Nanhkingnn and Halun- 
Arshan it was very difficult 
to find even a single speci¬ 
men. (hi spite of intensive 
endeavours made by myself 
and by coolies in searching 
in Halun-Arshan not a 
single worm was found, 
and in Nanhkingan only 
one specimen, i. e. E. rosea 
macedonica, was obtained.) 
Dr. japonica was found 
with great difficulty in Pai- 
chengtze ( — Taoan) which is 
located relatively close to 
the Manchurian Railway. 
This species was found to 
be most predominant in the 
wet spots of cultivated land. 

The N.Fl district is sub¬ 


equal in latitude to the two 
districts of N.W. and C.W., but its fauna is clearly different from those 
of these two. The population of worms is higher in the N.E. district, 
and therefore it is not so difficult to collect them here as in the N.W. 
and C.W. For instance, as already stated, in Tsitsihar (N.W.) merely a 
single subspecies of E. nordenskidldi typica was found, while in Keshan 
that is in, a locality only about 170 kilometers distant in the north-east, 
the population of worms was higher, and four forms of E. nordenskidldi 
typica, E. rosea typica, K rosea macedonica and B. beddardi were found, 
though they were all peregrines. Further, in Mutanchiang was found an 
endemic form, E. nordenskidldi manshurica, n. subsp. Possibly, like f. 
lagodechiensis form Transcaucasia it may be a southern form of this species. 

ITie district C.E, mainly occupies the mountainous region, continuing 
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eastwards to the north highland of the Korean peninsula. Although the 
amount of annual rainfall is more than 5(H) mm, the temperature is re- 
latively low. The narrow plain-region along the Manchurian Railway, 
where the towns are scattered, is slightly higher in temperature than the 
mountainous region. In the towns distributed in this plain-region, such 
as Harbin and Fengtien, Pheretima hvpeiemis was found. But, in the 
mountainous region it was not found (nor in the north highland of Korea). 
Excepting for the special occurrence of Ph. hvpriensis, the fauna of the 
C.E. district is represented by two groups of the genus Drawida and 
the family Lumbricidae. Two Drnwidian forms of Dr. nemora and Dr. 
koreann appear to be widely distributed in this district; the first species 
was found in uncultivated land and the latter in both of cultivated and 
uncultivated land. Dr. japonica is the species mostly predominant in the 
cultivated land. It is noteworthy that Dr. propatula was found in Yenki, 
its original locality being (’entral Ehina, A single specimen of Octolasium 
lacteum was obtained in Harbin ; and the present report forms the first 
record concerning the existtmce of this species in Eastern Asia (excepting 
India). Eleven Lumbricid forms including two endemic ones were also 
found in this district. It means that th<‘ climate of this district is more 
favourable for the worms of this group than that of the other three 
districts above mentioned. 

rhe survey tried in thf* S.W. district is very incomplete, and only a 
small number of specimens were eolleeted from Chihfen, Jehol. This 
district occupies the mountainous region of Jehol, continuing westwards 
to Mongolia and southwards to the plain of North China. The greater 
part of Jehol is at th(‘ present day a treelOvSs mountainous region, but it 
is well-known that, until tht‘ end of th(‘ fishing dynasty, this land was 
covered by dense forests. According to the phytoecological study of 
Takahashi C36), the amount of annual rainfall is only 200 -300 mm, and 
the annual mean temperature is 5MVC in Chihfen where th(' worms were 
collected. (Both of these data are lower than those illustrated in Fig. 13.) 
From these data, we know that the climatic condition in ('hihfen re¬ 
sembles, at least in the present day, that of Mongolia. Consequently, 
judging from the present environmental condition of Jehol it is surprising 
that three endemic species viz. Pft. aggera. Dr. jeholejisis and AIL jeho- 
Icnsis should be found there. Although th(‘ population of worms is very 
low, the conditions influencing the fauna of the S.W. district are similar 
to those in the S.E. district where the climatic condition is the most 
favourable in Manchoukuo for the existence of worms. The reason for 
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its being the most favourable in this respect is that the amount of annual 
rainfall is more than 600 mm, and the temperature higher than 8T, 
Out of the II endemic species of Manchoukuo, 9 are found in this S.E. 
district. Except the special occurrence of Ph. ag^>ra in Jehol and of 
Ph, hupeiemis in the plain-region of (he C.E., tht‘ Pheretima species 
though few in number are almost entirely restricted to this S.E. district. 
Generally speaking, the members of the genus Pheretimo appear to be 
adversely affected by a low temperature. Most of the endemic l.umbricid 
forms are found in this district, and this proves that ('ven the worms 
belonging to the palaearctic group favour a relatively temperate climatic 
environment. A single specimen of Dr. gisii, which has b(‘en recorded 
from both of North China and Central Korea, was also found. 

When summarizing the above statements, it is .shown that: 

Rainfall and temperature are the most important factors in delimiting 
the distribution of the terrestrial oligochaetes. Aridity appears to h(‘ an 
absolute factor prohibiting their distribution. In the region when.' th(‘ 
amount of annual rainfall is less.than 100mm, no cmdemic species can 
exist. This hypothesis agrees with that of Rickfokd (’37) expressed in 
the study of Acanthodrilinae in South Africa. The effect of the d(‘gree 
of temperature, acting as a delimiting factor for the distribution of earth¬ 
worms, appears to vary .slightly according to the family, or the genus, 
or even to the species. An annual mean temperature higher than 8'C 
appears to he favourable for the existence of the terrestrial oligochaetes. 
This hypothesis seems to be applicable also to the causes of the distribu¬ 
tion of the terrestrial oligochaetes throughout the world. The area in 
Manchoukuo which possesses such favourable climatic conditit)ns as an 
amount of annual rainfall more than 400 mm and an annual mean tem¬ 
perature higher than is confined only to the south coastal region. 

Con.setjuently, the fauna of Manchoukuo generally is very poor in the 
number of worms, and at the same time, most of them are concentrated 
in this south coastal region. That some relics are found in the apparently 
unfavourable regions, may mean that the oligochaete fauna of this country 
was richer in geological times than at the present day. Such an idea 
appears to be endorsed by the occurrence of the endemic species of the 
genus Drawida, which constitutes phylogenetically an old group. 

pH OF THE SOIL IN I'HK HABITATS 

The soil-types are correlated both to the climate and the vegetation. 
Thus, if the soil-type affects the distribution of worms, it must be a factor 
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of secondary meaning. The soil samples^ of which the degree of pH 
was measured, ars only 29 in number. 

pH of the soil in the habitats varied within the range of 5.2-7.4. 
Though it is well-known that a highly alkaline soil is found in the Eastern 
Gobi, soil samples of a high degree of pH in which worms lived, were 
not obtainable. In the following table the frequency of the occurrence 
of the worms is indicated corresponding to each pH value. 


pH 


No. of 
localities 


Frequency 
of worms 


5.2 . 1 

5.4 . \ 

5.'6 . 1 

5.8 . 2 

6.0 . 0 

6.2 . 3 

6.4 . 1 

6.6 . 2 

6.8 . 8 

7.0 . i 

7.2 . 5 

7.4 . 1 


± 

± 

61 

-f 

-f 

4-: +4; 6+ 
4 ; m 
4; ++ 

± 


— means absent or very rare; 4 present but rare; 4 little; ++ usual; 
W many or relatively many. 


From the above table it is recognizable that the soil in the range of 
5.6-7.2 of pH appears to be favourable for the existence of worms. 
But, no wwms were found in one case in which pH was 6.2. (This 
locality was in Halim-Arsh^in, where there is a hot-spring on th(^ steppe, 
clo.se to the political boundary of Mongolia and just west of the Hkingan 
Mts.) 

It is rare that under natural conditions worms are found in I he soil 
of pH 5 (see: for instance, Nomura Kobayashi, '36). Several worms 
of E. nordenskioldi typica were found in the soil of pH 5.2 at lliketc in 
the Hkingan Mts., in a spot at a short distance from a very small pasture, 
I he worms being found only within the roots of plants. Their occurrence 
under such un^avourable conditions is noticeable, and we recognized that 
this species has a high degree of adaptability of a wide range of soil 
reaction, as well as to a low temperature. Ctietyrkina ( 30) has also 
re{K)rted a similar case of the special adaptability of this species, in his 
study of the distribution of the Lumbricidae in the Ural region. 
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NOKTPIF.liN BOUNDARIFS OF THE DISTKHHJTION OF BOTH 
GFNEl^A PIfERKTIMA AND DRAWIDA 


1. Pheretima. 

In 1903 Miciiaelsen produced a map illustrating^ the distribution of 
the genus Pheretima. In this nuip both Manchoukuo and Korea are 
placed outside the region where Phftrrtima may be found. In his more 
recent maps (’31 & ’34) both these countries are included in this region, 
an inclusion which is merely presumption on his part, and which is in¬ 
accurate as far as the distribution of the genus Pheretima in Eastern 
Asia is concerned. 

In Tashihehiao, Chinhsien and in several localities of Kwanto Province, 
Ph. aggera was abundantly found, and in Chihfen, several juvenile speci¬ 
mens of the same species (?) were collected. In Korea, it is common in 
the region south of Kokai-do, and is abundant generally on the west side 
of the peninsula. In spit(‘ of my five years’ search in Heian-hoku-do, 1 
was unable to collect even a single specimen of this species. From this 
fact, it may be concluded that Central Korea is rather more closely 
allied to the Liatung Peninsula than to the far west-northern part of 
Korea from th(‘ point of view of the di.stribution of earthworms. The 
distribution of Drawida gisti also indicates a similar relatiohship. In 
Chinhsien, in addition to Ph. aggera, Ph. t:^hilieni>i$ was abundantly 
found. But, in Kaupanglze situated slightly north of Chinhsien, no 
endemic Pheretima species were found. Furthermore, according to the 
natives in this village, no large earthworms have been found here. Ph. 
tschiliensj.s is distributed on the west-side of Korea and also in North 
and Central China. Thus, no real endemic Pheretima species is found in 
Manchoukuo. If Ph. ctggera may be considered to be a semi-endemic 
species, the northern boundary of the Phereiima-reg\or\ should be marked 
in Manchoukuo by a line passing through Chihfen (?), Chinhsien and 
Tashihehiao. In Korea, Ph. aggera is found in Heijo, which is the northern 
limit of this species, and /%. sp. (an endemic species) is found on Mt. 
Kongo. The region south of the line passing through these two localities 
belongs to the PheretimQ’Tegion (Kobayashi, ’38). According to Ohflichi 
(’38), in the North-eastern part of Japan proper, the etidemic species are 
said to be merely about a dozen in number. Although the survey in 
Hokkaido is as yet incomplete, the endemic species, Ph. sp. (the 5th 
species) is known to exist in Sapporo (Yamaguchi, ’30) and yezoensis 
in Hakodate (Kobayashi, ’38). The northern boundary in Hokkaido may 



TERHKSTHIAL OLIGOCHAETA FROM MANCHOUKro 


311 


possibly bo drawn passipg through Sapporo parallel to the line of latitude. 
When the survey in Hokkaido is completed, the northern boundary of 
the Pheretima-refiiow will bc'come (juite eh^ar, and only lh(‘ western boundary 
(in C hina) will then remain unknown. 

11 . Drawida. 

Since th(‘ publication of the two reports, one by Hataj on Dr. hal- 
tamimizn from Japan ('30) and the other by Mkhaelsen on Dr. gv'.s/? 
from North (Jiina t’3I), about a do/.en endemic spe<'i{‘s ha\e been rc^corded 
from Eastern Asia, a district wdiich lies far distant from th(‘ centre of th(‘ 
genus of the prescmt'day. Reccmily (' 118 ) Dr. gisti was recorded by mys(‘lf 
from Central Korea. It was included among materials fi'om ('hinhsien 
but was represented by a single specimen only. Dr. ncmora is common 
in the far northern highlands of Kor(‘a (Kobavashi, '3S), and Dr. koreana 
was reported by myself in th'e same pap(‘r the specimens being obtained 
from , both Central and North Korea. These two sp(*cies are distributed 
also in the centrabeast(>rn district of Manchoukuo. Dr. jehnlcrisi.s, n. sp. 
was found in Chihfen, Jehol. A number of specimems of Dr. propatvla 
were obtained in Vf'nki but were restricted to a singh' locality ; this 
species has been record(*d by Gates (’35) from Cefitral C hina. Thus, 
four endemic species, Dr. gisii. Dr. nemora. Dr. koreana and Dr. j(dwlensis 
are known to occur in this country. Hsinking (ca. 13 55' N. L.) is a 
locality which corresponds to the northern limit in th(‘ l)raividn-vo^\ox\ ; 
th(' northern boundary of the genus is approximately marked l)y the line 
passing through C'hihfen Hsinking — Tumen. J'he northern boundary 
in Japan is not yet deUTmined: no Drawidtan forms have hithcTto 
been reported from Hokkaido. Recently, from the North-eastern part of 
Japan proper an endemic species, Dr. rnoriokaensis was ri'ported by 
Ohfuchi (’38)*. Perhaps, this part may form the northern houndary in 
Japan proper. 

It is very interesting to know that most of the endemic Drawulian 
species are found outside the P/ierc/trrwz-region (cf. the distribution of the 
genus in India, Korea and Manchoukuo). 

DISTRIBUTION OF THE FAMILY LUMBKICIDAK 

The distribution of the family in both Europe and America has l)een 
made clear by many writers. But, that in Asia has been explained by 

.luding from hi» descriptions and illustrations, 1 think that his Dr. ofunatot*nsi4i s<.'ems 
'<> he synonymouR with Dr. nemora and his Di tatrnen.sis with Dr. anchtrif^iaiia. 
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Michaelsen (’03 & ’31) and by Ceunosvitov (’32 & ’35) basing their 
presumptions upon the general status of distribution. The presumption 
is that the large gap lying between Turkestan (or Tien Shan or Kashmir 
and Punjab) and Japan may be connected by any of th(* courses (existence 
of endemic species) passing through (1) Siberia, (2) Mongolia or (3) China 
proper. 

(1) Siberia. 

It is much to be regreted that as the survey of the terrestrial forms 
found in the Baikal region is yet incomplete we are unable to compan‘ 
its fauna with that of Manchoukiio. In North Manchoukuo no endemic 
worms are found. In the region close to the IVansbaikal region only 
K. nordenskioldi typica was found ; and even in the region close to Ussuri, 
where the amount of rainfall is relatively abundant, only a few peregrine 
forms are found. And, even this Ussurf district (N.E.) appears to be 
more favourable for the existence of terrestrial worms than either the* 
Baikal or Kamtschatka regions (Michaelsen, ’00, ’01, ’10 a & ’29). 
According to the study of Chktyrkina (’30) even in the Ural region, 
which is, as is well-known, more favourable in climate for th(‘ distribution 
of plants and animals than Eastern Siberia, no endemic worms were found, 
and E, nordenskidldi typica was most predominant, as in the case of 
North-eastern Manchoukuo. From the general status of the* oligochaete 
fauna in South ^Siberia including North Manchoukuo, it is probable that 
no endemic Lumbricid worms are found th(‘re. 

(2) Mongolia. 

As already stated with regard to Manchoukuo on account of the 
climate, so also no (*ndemic worms may possibly be found in Mongolia. 
It is improbable that any oasi.s-like area where worms might he found 
have remained free from the effects of the long-period-aridity. But, in 
a special locality such as Jehol (see : part of general distribution) some 
prearid endemic species may with difliculty have maintained their specific 
existence. 

(3) China proper. 

In spite of the fact that the survey of worms in China proper ha^ 
recently been well executed, merely .some peregrine forms such as Bimastus 
Iwddnrdi, B. parvus and Allolohophora caliglnosa trapezoides have been 
reported. Even when any further researches are made, po.ssibly no endemic 
Lumbricid species will be found in China except in North China. 

Five endemic Lumbricid species are found in South and Central 
Manchoukuo. This fact means that even for these palaearctic worms a 
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relatively temperate climate is favourable, and that these districts are an 
important area in the Lumbricid zone in Asia. Therefore, the Lumhricid 
zone in Asia may be completed by a line passing through Turkestan (or 
Tien-Shan or Kashmir and Punjab) - the zonal area along the Great 
Wall of Ghina (including the period of prearidity) — South Manchoukuo 
Korea Japan proper Hokkaido. The distribution of Lumbricidae 
given in the Cernosvitov's map (’35, p. 22, Abb. 11) approximately 
agrees with that shown in the above statement. 
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MEIOTISCHE TEILUNG VON DICTYOStPHON 
FOENICULACEUS' 


\UN 

Kocoko Abk 

Hi(tl)i^is( hi' Station zu Asamushi der Katserhchcti Tohoku Unit nsitat, 

Sf'ndai, Japati 

Mit I'afcl IX und 2 rfX(lip:ur('n i 
( 'On 20 Marz J940 

fM)(‘r (lie lu'it\virkluo<j:s^^es('hiclil(‘ von Dictyosiphtm /oen/cw/acews (Hri)s.), 
rioKV., (iine S|)(H‘k‘s (l(‘r I )icty()si[)h()nar(^en, macht(‘ SArvACiKAU 1917 ein(‘ 
int(T('ssant(‘ Mitteilunj^e Nach ihni k(‘imt(‘n die in unilokulanni Sporangien 
gehild(^ten Schwiiniu^r ohne Kopulation und entuickelten sicli zu Frothallien 
mil pliirilokularen Sporangien. Aus diestm plurilokulanm Sporangien Iraten 
Schvvarmer h(‘rvor. Die Zygot(MTkeimung und die Weiteienlwicklung bis 
zu normalen, polysiphonen Pfianzehen vvurde aueh von ihm ausfiihrlich 
verfoigt. Durch diese Untersuchung veranlasst, sehlugen Sktchki.l und 
Gakdnku ( 192 . 0 ) die Errichtung einer neiitm Ordnung Dictyosiphonales vor. 

Ris jetzt li<^gt aber keine zytologisebe llnt(‘rsuehung iiber diese interes- 
sanle y\lge vor. So vv('rd<‘ ieh unten meine Ergebnisse iiber die meiotiseben 
Teiiungen in unilokularen Sporangien von dies( 0 ’ l^flanze berichten. 

Das Material samnielte icb iin letzten bViihling wahrend meines elwa 
zehnlagigen Aufenthalts im Muroran Institute fiir Phykologic* der Kais(‘r- 
liehen llokkaidn Universitat. Diese Pflanze wachst immer in dieser (ie- 
gend auf Scytosiphon lomcniarins, wie IVxllig. 1 zeigt. 

Das Material vvurdt* mit der I^iisung, wel(‘he irh bei d('r Unt(‘rsuehung 
v(jn Sargassmn (Abe 1932), HvtvrocJwrdaria (Abe 1936), Drsmarestia (Abe 
1938) und I laminaria (Abe 1939) verwandt hatle, meistens 5 6 Stunden 
lang fixiert. Die [ 5 e dick gesehnittenen Paraflinsehnitt(' wurdcMi mil 
Heidenhains Eisenalaunhamatoxylin gefarbt. 

Die Eortpflanzungsorgane gehen aus einer Oberflachenzelle des Thallus 
hervor. Fig. 1 zeigt den sich im vollstandigen Kuhesladium bebndlichen 
Kern einer solchen Zc^lle. In diesem Stadium betragt der Durchmesser 
des Kerns etwa 3//. In Figg. 3-4 sieht man ein Synapsisstadium. 
Darauf folgt Spirem- und Diakinesestadium (Figg. .5-6). In Fig. 6 ist 

' (’ontrihution from tlu* Marine Biological Station, Asamushi, Aomori ken No. 107. 
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Nukleolus schon verschvvunden. Bei soirhen SUidien koniitc ich 
leststellen, dass die Zahl der (’hroniosomen mit grosser Wahrs(‘hein- 
lichkeil 18 bfMragt. V(3r der yXiiflosung der KcTnmeiehran ordnen sieh 
(lie (’hroniosorneii allmahlieh auf d(‘r A(juatoi ialel)ene an (Fig. 7). I )i(‘ 
vollstandige Metaphase erfoigt alxT naeh Aufliisung d(^r Kt*rnmeml)ran. 
Vig. 8 gihl dasselbe Stadium in Folattsi(‘ht \vied('r. wobtu sieh 18 ( hromo- 
somen klar' zahlen lassen. In d(*r Seit(‘nansieht d(‘r Spindel i^t kein 





r<*\LliK 1 I )ictt^osipfion foenirvUu I us auf Srylasiphon 
lotni’ntanus, W-rkl. W4. 

/entrosomahnhehes Korpeichen in jedimi l^ol(‘ siehtbar (Fig. 9). l)i(‘Ana- 
sovvie Felophase gebt normal vor sich (Figg. 10 Jl). Naeh dieser IVilung 
(‘ntstehen natiirlieh VK‘r Kern(\ die dann noch weitere simultane IVilungen 
ausfiihren. Inzvvisehen vergrbssert sieh das Sporangium allmahlieh (dVxt- 
(igg. 2, a b). Und am Fnde teilt sich das Protoplasma auf ; jede Portion 
enthalt einen Kern und einen Chromatophor und entwickelt sich spater 
zu Sehwarmern (Textfigg. 2, c). 

Aus obigen Uesultaten ist es sieher, dass die Individuen mit unilokularen 
vSporangien diploid und die zvvei ersten Kernteilungen im Sporangium 
Heduktionst(‘ilungen sind. Dictyosiphon fomiculaceus zcdgt also einen regeb 
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ON THt DEVELOPMENT OF THE CONCEPTACLE OF 
SARGASSUM, COCCOPHORA AND CYSTOPHYLLUM 

Bv 

Masato Tahara 

Biological Institute^ TAhoku Imperial University^ Sendai, Japan 
( With 7 Text figures) 

(Received April 5, 1940) 

The conceptacle of the Fucaceae is one of the most important character* 
istics of these plants. Our present knowledge concerning the development 
of this organ is founded on SiMONs’ researches with regard to Sargassmn 
filipendula in the year 1906. More recently it has been proved by 
Nienimirg (1913) that the mode of the development of the conceptacle 
varies somewhat in different members of the family. He was restricted, 
however, in his choice of materials, which were mainly the plants easily 
accessible to him. So that there remains a number of important genera 
which need to be investigated in this respect. Sargassum, Cystophyllum 
and Coccophora are very common Fucaceous algae found along the coast 
of Japan. So the present writer has followed the development of the 
conceptacle of these plants in materials newly obtained in the spring of 
this year. It was rather difficult to know exactly when these plants attain 
the developmental stages at which it was so necessary to examine them. 
The writer visited the Misaki Marine Biological Station several times in 
order to collect the materials. It is his pleasant duty to express here his 
gratitude to Prof. Y. Okada and Prof. E. Eri for the facilities given him 
during his stay in that institution. 

Coccophora is an alga growing only along the coast of the Japan Sea. 
The writer "wishes to acknowledge his indebtedness to Dr. K. Abe, who 
kindly collected the material of this plant at the Asamushi Marine Bio¬ 
logical Station. 

The materials were fixed with chrom-acetic solution of different con¬ 
stitutions, with or without osmic acid. For staining of the cell wall ruthe¬ 
nium red was very effective* 
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1. Sargassum cnerve Ag. 

Sargassum enmw is one of the most common si)eci(‘s of Sargassum 
found along the coast of Japan. The materials obtained at Misaki from 
the middle of January to the end of February wen‘ very useful. 

The initial cell of the conceptacle lies near the apical cell of a receptacle. 



Fi^. 1. Conceptacle development in Sargaamm enerve. a, initial cell in two cell 
stage, b d, longitudinal divisions of the lower cell, e, cross section through the 
basal part of a conceptacle. f"—gt dislocation pf the tongue/cell. x900. 
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As is already known, the development of a conceptacle is initiated by the 
actvity of this cell. In the first place the cell is divided transeversely into 
two cells by a curved wall with a concave surface above. F'ollowing 
Simons’ nomenclature th(‘ upper cell of this stage is called the tongue 
cell. In the present species, in the whole course of the development of 
the conceptacle, no division occurs in this cell. "Fbe lower cell is, however, 
the more important cell in the dev(‘lopment of the conceptacle. It is 
divided longitudinally into two similar cells by a vertical wall. The third 
division-wall is also vertical and is perpendicular to the second. 

In the succeeding stages the longitudinal divisions continue, until the 
principal portion of the flask-shaped conceptacle is formed by the products 
of this lower cell. It is significant that in the basal part of the conceptacle 
the wall cells are arranged radially around the centrally situated tongue 
cell. 

So far the process agre<*s in substance with Simons' descriptions con¬ 
cerning the development of the conceptacle of Sargasstim filipendula. She 
does not give, however, further details of the ongue cell. According to 
the writer’s observation, in Sarg«,s5i/m enerve this cell which is found, for 
a time after its formation, fixed to the basal part of the conceptacle, later 
becomes free from the general wall of the conceptacle and is transferred 
towards the mouth of the conceptacle. A mass of gelatinous substance 
is secreted around th(‘ tongue cell, completely closing up the mouth of the 
conceptacle. In a conceptacle which has nearly completed the whole course 
of its development, the tongue cell can no more be distinguished with 
certainty. In this species the rather important part of the cf)nceptacle is 
formed by the agressive growth of the general epidermal tissue. In this 
respect this species differs from Sargassum filipendula. 

2. Sargassum Homeri Ac. 

This alga is also very common along the coast of Japan. The initial 
cell of the conceptacle divides also at first into two dissimilar cells by a 
curved wall. The upper cell of the two, the tongue cell, remains un¬ 
divided. The lower cell divides repeatedly by longitudinal walls. The 
arrangement of the wall cells around the tongue cell is also radial. 

So far the mode of the development is about the same as seen in the 
foregoing species. But in the present species, the tongue cell enlarges, 
keeping pace with the growth of the conceptacle and fills up the inner 
cavity of the conceptacle. So, at first no space is seen between the tongue 



324 


M. TAHARA 


cell and the inner wall of the conceptacle. Meanwhile the plasmic content 
of the cell is thrust into the upper portion of the cell. And a new wall 
is formed at the base of the longue cell, thus giving birth to the spacious 


b 



Fig, 2. Conceptacle development in Sargassum Horneri. a, initial cell. 6, two 
cell stage of the same, c —d, divisions of the lower cell, e, cross section through 
the basal part of a conceptacle. f—g, further stages of development: tongue cell 
grows, filling the inner cavity of the conceptacle. x9(K). 

cavity of the conceptacle. By the growth of the inner wall of the con- 
ceptacle. the cavity enlarges gradually. The tongue cell remains intact in 
these stages and takes the appearance of the stopper of the cavity of the 
conceptacle. 

The secretion of gelatinous substance around the tongue cell is not so 
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Fik. H. ('onceptuclo dpvelopin<’iit in SarKaSium Horticri. Tonguo rell Iwcomea 
free from the wall of lh(‘ conceplacle. > 900. 


conspicuous as in the preceding species. 
In the final stage of the development the 
tongue cell cannot be distinguished with 
certainty. As is clearly seen from the 
figures, the inclination of the earlier wall- 
cells of this plant is rather significant 
compared to that of the foregoing species. 
In the present species, as in Sargassurn 
filipendul(jy almost the whole inner wall 
of the conceptacle is formed by the pro- 
ducts of the lower cell of the two cell 
stage. 



4. Sargns.<<um Horurri. 

3. Coccophcrra Langsdorfii GrEV. Tongue coll i? beginning to (Jo 

gonrrato. x900. 

When the reproductive organs of this 
plant have attained maturity the vesicles are already absent. And hollow 
receptacles take the role of the vesicles. But in the first stage of the 
development the receptacle is still solid. Such receptacles showing the 
youngest stage of the conceptacle development are much larger than those 
of Sargasmm in the same stage of development. 

The process of the conceptacle development is at first just the same, 
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as seen in Sargassum. The arrangement of the wall cells around the 
tongue cell is also radial. But in the following stages of development 
things are peculiar to this plant. 

1. In the course of development the tongue cell divides transeversely 
and takes the form of a typical paraphysis. 



Fi^- 5. Conceptacle development in Coccophmo fMngsdorfii, a, initial cell in two 
cell stage, b c, divisions of the lower cell, d, cross section through the basal por¬ 
tion of a conceptaole. c —/", transverse divisions of the tongue cell and growth of a 
wall-cell into the cavity of the conoeptacle. x900. 
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2. In an early stage of conceptacle development, a few of the wall- 
cells begin to elongate towards the central cavity of the conceptacle and 
form paraphyses by transverse division, in a manner similar to that of the 
tongue cell. So in a cross section of the 
basal part of a young conceptacle, we 
often see 2 to 4 similar cells at the center 
of the conceptacle .cavity. 

Transverse divisions of the tongue cell 
were occasionally observed by Simons in 
the cryptostomata of Sargassum filipendula. 

And its regular occurrence is reported by 
Nienbitrc; in the conceptacles of Cystosira 
and Halidrys. 

In a mature conceptacle of Coccophora, 
we see multitude of slender paraphyses. 

These are, however, totally different in 
shape and structure from those primary 
paraphyses developed in an early stage of 
development from the tongue cell and 
walhcells. Each of the latters consists of 
a series of flattened cells, thus having an 
appearance like a bamboo shoot (Fig. 6). 



Fi}^. 6. ('onceptacle of Cocro- 
phorn Langsdorjii in a later sta>^e 
of dev(>lopment. >;200. 


4. Cystophyllum sisymbrioides Ac. 

In Misaki, this alga is also common as the former two species of 
Sargassum, These three species ripen in about the same season. The 
early stages of the conceptacle development is about the same, as seen in 
Sargassum and Coccophora. The initial cell of the conceptacle is divided 
into two dissimilar cells by a curved, transverse wall, the upper cell form¬ 
ing the tongue cell. The walls which are formed in successive longitudinal 
divisions of the lower cell are rather vertical. Fig. 7, d shows a cross 
section of the basal part of a young conceptacle. It is remarkable that 
in this case the cells resulting from the longitudinal divisions of the lower 
cell are not arranged radially around the central tongue cell ; th(‘ cell- 
walls cross each other mostly at right angles. As has been already 
described by the present writer in a previous paper (1913), the conceptacle 
in the female of this plant has in the time of the oogonium liberation no 
opening towards the outside. The closure of the conceptacle is carried 



328 


M. TAHAKA 



Fig. 7. Conceptacle development in Cystophyilum siaymbrioiries^ a, initial cell in 
two cell stage, b —/*, further stages of development, d, cross section through the 
base of a concepLacle. x900. 


out by the growth of the epidermal tissue in a later stage of the con- 
ceptacle development. 


DISCUSSION 

In the present research the writer has investigated the conceptacle 
development in two species of Sargassum and one species of Coccophova 
and Cystophyllum. Whether the dislocation of the tongue cell, which was 
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observed m the two species of Sargassum is a general characteristic or 
no of the genus Stxrgassutn will be decided by a future investigation. But 
it is surprising that this significant phenomenon is not mentioned by Simons 
in Sargas^m filipendula. 

In any case it is remarkable that the closing up of the passage of the 
conceptacle by the aid of the tongue cell is found only in Sargassum, the 
most highly differentiated genus in the Fucaceae. The temporary closure 
of the young conceptacle of both sexes may looked upon as a provision 
of nature essential for the protection of the delicate meristematic tissue of 
the conceptacle. 

In the paper above cited, Nienburg has pointed out that the inclination 
of the longitudinal walls of the cells around the central tongue cell is 
different in Sargassum, Cystasia, Halidrys and Pycnophyous. But as is 
shown in the present investigation the inclination of the wall-cells is dif¬ 
ferent in two species of Sargassum. According to the writer’s o[)inion, 
the arrangement of the wall-cells around the tongue cell, which is clearly 
seen in a cross section through the basal part of a young conceptacle, 
appears to have a more important significance. It is radial in Sargassum 
and Coccophora and rectangular in Cystophyllum. 

SUMMARY 

1. In Sargassum enert)e the initial cell of the conceptacle divides at 
first by a curved wall. The upper cell. i. e. the tongue cell remains un¬ 
divided through the whole course of development. In the lower cell 
longitudinal division is repeated and it forms the principal part of the 
conceptacle. The tongue cell remains for a time fixed to the wall of the 
conceptacle, but later it becomes free and is transferred towards the mouth 
of the conceptacle. In this stage, the secretion of gelatinous substance 
around the tongue cell is very conspicuous. Thus th(‘ passage of the 
conceptacle is completely closed up. In a conceptacle which has nearly 
completed its development, the tongue cell can no more be distinguished. 

2. The conceptacle development in Sargassum Homeri is in substance 
similar to that in Sargassum enerve. But one point is worth mention. 
The tongue cell of this plant grows keeping pace with the growth of th(‘ 
conceptacle and filling the cavity of the conceptacle. So, for a time there 
is no space between the tongue cell and the inner wall of the conceptacle. 
But meanwhile after becoming free from the wall of the conceptacle the 
tongue cell is transferred to the mouth of the conceptacle and has the 
function of the stopper of the conceptacle. 



330 


M. TAHARA 


3. In Coccophora Langsdorfii the tongue cell divides transversely and 
forms a paraphysis. It is remarkable that in this species a few of the 
wall-cells of the conceptacle grow, in an early stage of the conceptacle 
development, towards the cavity of the conceptacle and f)ecome paraphyses, 
dividing transversely just like the tongue cell, 

4. A cross section through the basal part of a young conceptacle 
shows clearly the arrangement of the wall-cells around the centrally situated 
tongue cell. This is radial in Sargassum and Coccophora^ and is not radial 
in Cystophyllum, in this case the walls being formed as to cross each 
other at right angles. 
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\. INTHODlK^riON 

Lake Osoresan-ko, or Usori-ko, lies in the northernmost district of 
Honshu, filling up the caldera of the Volcano Osore-san, Simokita Penninsula, 
Aomori Prefecture. 

Lake Osoresan-ko as far as it has been studied is ont' of the most 

remarkable lakcis in Japan. Despite the high acidity of its water the 

yields of this lake are fairly rich, though the number of different spedes 
of life met with in it is relatively small. From the summer of 1931 until 
1934 a number of investigations of this lake were carried out by several 
scientists. The writer also has made some observations of the lake during 
the period extending from 1935 to 1938. In the present paper the writer 
wishes to deal with the results thus far obtained and also to compare 
them with those obtained by other scientists. 

The lake lies at an altitude of about !U)0 meters. The area covered 

by the lake water is 2.17 square km (according to a map of 1/200,0(K) 

scale, of the Land Survey Department). The lake empties its water into 
the Pacific Ocean through the only outlet. River Syozu-gawa (or Sanzu- 
no-kawa) in the north ; and is fed by several small rivers coming from 
the surrounding mountains. There are also many small streams flowing 
into it which have their source in hot-springs found to north of the lake, 
and these constantly supply the strong acidic water. Moreover there are 
many small hot-springs found on the lake-bt*ach itself as well as in the 
shallow bottom of the lake and the water cU)se to these hot-springs is 
often highly acidified and contains little or no oxygen. 


Contribution from the Marine Biological Station, Asamushi, Aomori-Ken, No. 16S. 
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II. PHYSICAL AND CHEMICAL CONDITIONS OF THE I.AKE WATER 

The general features of the physical and chemical conditions of this 
lake were observed during the time extending from 1931 to 1934 by 
several writers, and are shown in Table I. The results obtained by the 
present writer during the period from 1936 to 1938 are showm in Table 
II and III, being included also the data secured by Tezuka. 

a) Transparency and Colour of Water 

Some records to show the transparency and colour of the water in the 
lake were obtained and they are tabulated below : 

Table 1. 


Date 

Transp. 

(m) 

Colour 

1931, 24/IX 

5 

15.0 

1932, 14/V 

9 

1.5 

22/VI 

3.5 1 

1 14.0 

13/VIII 

3,5 

14.0 

24/XI 

10 ; 

2.5 

1934, 30/VIH 

6 ; 

4.2 

29/lX 

1 

8.0 


I>ate 

! Transp. 

1 (m i 


19:15, 15/lX 

1 5.5 

! 8.5 

16/IX 

6 

i 7.5 

1936, 4/VIlI 

8 

1 5.0 

1937, 3/VII 


; 4.0 

1938, 28/VI i 

« i 

5.5 

13 /vni 

8 j 

5.0 


From the above table we learn that the water has not shown any 
remarkable decrease of transparency since 1934. Tamura recorded such 
high transparency as 15 and 14 meters in 1931 and 1932 respectively, 
while the highest value obtained during the period from 1934 to 1938 
was 8.5 meters as observed on September 15, 1935. The colour of the 
water, which was measured according to Fokel’s scale, was somewhat lower 
than in former years. The striking low value obtained in May of 1932 
may be considered as being due to contamination from thawing water, as 
was stated by TaMura (1933). Concerning the low value shown in 
November, Tamura thought that it was due to the increase of the inflow 
of water which took place in the autumn as in the case of Lake Tazawa» 
ko mentioned by YosHiMURA in 1932. 

Tlie colour of the water seemed usually to vary from No, 6 to 8 in 
the years since 1934, while it was No, 3.5 in the summer of 1932. Though 
the colour is shown according to Forel's scale in the above, in reality it 
appears somewhat whitish. This is also the fact in other anorganic 
aciditrophic lakes, such as Lake Kata-numa, L. Itibisinai-ko, and three 
lakelets of Bandai, Ruri-numa. Aomuma, and Benten-nama, With regard 






UMNOLOGICAL ST^DY OF LAKE OSORKSAN-RO 


333 


to this fact, Yohhimura stated that it may depend upon the diffused light 
caused by the colloidal suspension of some substance of the nature of 
calcium sulphate. 


|w*r cent. \n log* H<'alc 

I 2 o JO 20 ■>() JOO 



Fig, 1. Measurement of submarine illumination. 
^ >rdinate.... Depth in meter. 

Abscissa. ., . Percentage illumination. 


The data shown in the Fig. I are the results of a measurement obtained 
by means of hydroiodic acid to ascertain the light intensity penetrating 
into the lake-water. The measurement was made after Pearsall’s method, 
but the writer considers that McChea’s method mav he more suitable for 
general cases (Pearsalj., 1921 ; McChea, 1923), 

b) Water Temperature 

Most of the investigations hitherto made have been carried out during 
suramcr time. With regard to the temperature of surface water no re¬ 
markable differences were recognized every year. The highest temperature 
of the surface water was observed on Aug. 13, 19li8 (Fig. n), and the 
next highest on Aug. 13, 1932 (Fig. 2), it was restniclively 21.7 and 24.(f. 
On Aug. 12, 1931 the surface temperature was 22.2'" and on Aug. 1, 1936 
(Fig. 4), it was 22.6^ On the other hand, the temperature of deeper 
water has shown much difference every year, as seen in Table II and III. 
The most noticeable fact i.s that in the summer of 1931 and 1932 strati¬ 
fication in the lake-water was scarcely recognized, while in the summers 
of from 1934 to 1938 very distinct stratification was observed. Yoshimura 
pointed out that Tamuka could not find any stratification in the lake water 
during the ^^ears 1931 and 1932 because he had omitted to test the 
deepest basin (1934 a). Comparing the data obtained by Yoshimura in 
the year 1934 with those of the proceeding years obtained by Tamura, 
however, it is obvious that the lake-water showerl a distinct stratification 
in the summer of 1934. In the summer of 1931 no thermocline was 
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found from the surfnce to the i)ottom (1 I m deep) and in 1932 the case 
was-almost the same, while on Aufz. 30, 1931, Yoshimi ra observed ^ 
sharp thermocline occurring between the depths of 12 and 13 meters. 
Even on the 29th of November of that year, stratification remained in 
the de(*per layer. And in the obscTvation made by the writer in 1936, 
the summer stagnation was so distinct that the difference in the water 
temperature between the surface and bottom lavers was 11.95" on June 
2H and 11.1 on Aug. 1 respectively, and the anaerobic layer rose to 
within 10 meters from the surface on both days. In the summers of 1937 
ancl 1938 stratification was also distinct, viz., the difference of temperature 
existing between the surface and bottom water was 7.7’ (0 15 m) on July 
4, 1937, 6.75’ (0.11m) on June 28, 1938, and 10.7° (0-l3m) on Aug. 
13. 1938, 


Tabi.r II. 



1931 ' 

i 2 /vni 


1 

24/IX 



I)ep. ni} 

t 

1 dVmp. 

pH 

i Oorec/I.; 

i ‘ 1 

1 Dep. (m) j 

Temp, i 

pH 

I 0;;'Cc/IJ 

0 

1 zz.-z 

3,6 

6.44 

1 0 

19.8 

3.3 

5.44 

7 

I. 19.(i 

3,6 

1 6.07 

' 6 

19.0 

3.3 

5.50 

u 1 

19,4 

3,7 

! 6.21 

12 

19.0 

3.3 

’ 4.46 


19;{2'-’ 14/V 

22/VH 



13/VIll 



24/Xl 


D(>p. 

Temp.j pH 

3Vmp. pH jo 

2(cc71., 

1 Temp. 

pH jo 

cvcc/L; 

Temp. 

pH 

Oofcc/L; 

0 

9.6 3.2 

21.6 3.2 ' 

5.44 

24.0 

3.2 

5.49 

7.8 

3.2 

7.24 

5 

9.6 ; 3.2 

19,6 ; 3.4 

5.29 

22.8 

3.4 

4.;^) 

7.8 

3.2 

7.43 

9 

10 

- 

i 9.5 ! a.4 

18.8 , 3.4 , 

5.35 

, 21.0 

3.4 

4.37 

7:8 

3.3 


13 

14 

; 9.1 ! 5.6 

1 > 1 

18.0 I 3.4 ; 

4.13 

20.3 

3.6 

4.45 

7.5 1 

3.3 

7.40 



1934 > 

. 30 /VTIl 



29/IX^ 



Dep. 

j Temp. 

j pH 

j OsCcc/L) , 

Dep. 

1 Temp, j 

pH 

1 O-^cc/L) 

0 

22.0 

i ^3.0 

5.61 1 

0 

) 17.5 

3.6 

5.77 

5 

21.7 

3.05 

' 5.90 I 

5 

, 17.5 

3.6 

1 5.67 

10 

21.5 

1 3.15 

; 5.50 1 

10 

17.5 

3.6 

: 5.51 

14 

15.0 

4.8 

0.00 1 

14 

: 15.8 

4.5 

: 1.90 

15 

! 13.3 

1 5.0 

0.00 j 


1 1 


1 


measured by Kokubo et al. measured by Tamura, measured by YosHIMURA. 
measured by I'amcka. 











rjMNOLOGICAL STUDY OF LAKE OSORESAN-KO 




Table 111. 



1936 

28/VI 


Dep. 

1 dVmp 

pH 

j()i(cc/l.' 

1 

0 

21.2 

3.8 

6.86 

' 107.8 

2 

: 19.1 




.4 

18.5 

4.4 



5 

18.2 




6 

16.5 

4.6 

7.35 

10 '^. 1 

8 

, 11 .B 

4.8 

6.69 

86.1 

9 

10.4 

4.5? 

4.21 

.54.5 

10 

10.2 

3.8 

0.00 

0 

18 

9.25 

4.4 

0.00 

0 


i/vm 


Dep. 

1 

pH 


O.J "V. 

0 

22.6 

3.5 

5.46 

88.1 

2 

22.3 

3.5 

5..56 

89.2 

4 

22.0 

3.5 

5.68 

90.7 

6 

7 

21 .8 
19.9 

3.5 

3.5 

5.61 

, 89.8 

8 

17.3 

3.5 

6.65 

i 96.9 

9 

15.2 

3.5 

3.30 

46.5 

10 

13.6 

3.5 

0.00 

1 0 

12 

12.7 

3.6 

0.00 

0 

14 

11.5 

3.8 

0.00 

0 



3/VlI/1937^ 




2H/V1/1938* 



Dep. 

1 

! lemp. 

Oei^cc/L' 

Dep. 

Temp. 

! pH i 

1 ' 1 

O ’ \ rr/T/ 

(>..! 

0 

19,8 

5.45 

0 

19.05 

4.0 

5.42 

81.1 

5 

19.8 

5.60 

3 I 

1 16.70 

4.0 

5.37 

77.4 

8 

19.75 

5.45 

5 

16.40 

4.1 

5.66 

81.1 

10 

; 15.3 

3.30 

8 

16.25 

4.5 

5.85 

85.5 

10.5 

14.6 

0.35 

10 

15.60 

4.4 

4.46 

63.0 

11 

14.2^ 

0.00 

11 

15.00 

4.1 

4.38 

61.2 

13 

13.5 

0.00 

12 

14.62 

4.0 

5.48 

75.6 

15 

1 12,1 

0.00 

12.5 

13.45 

3.6 . 

0.00 

0 


1 


13 

13.40 

3.8 

0.00 

0 


1 

1 

u 

12.30 

, 4.0 

0.00 

0 



13/VIII/1938 

15 h. 

Dep. 

Temp. 1 

pH 

1 ()o(cc/L 

0 

^4.7 

3.5 

5.62 

2 

24.5 

3.5 

5.51 

5 

23.75 

3.45 

6.84 

6 

23.0 

-- 


8 

20.4 

3.45 

5.28 

9 

18.7 

3.45 

0.00 

10 

17.2 

3.45 

0.00 

11 

16,3 

3.55 


12 ! 

14.8 



13 

14.0 ^ 

3.9 

0.00 

Sy 62 U*gawa 

16 h. 



0 1 

24.7 

3.5 

j 5.54 


*L 


22 h. 


02(%) 

Temp. 

On(cr/r. 


94.1 

24.7 

5.65 

94.6 

92.0 

24.6 

5.42 

90.7 

112.4 1 

23,6 

6.68 

109.4 

81.9 

0 

0 

20.5 

i 5.78 

89.7 

0 


after Fox 
Whipple), 
tion for 

Whipple* 
with corroc- 
the altitude 


I after Palac<'. 

91.H j 


observed by Tkkuka and is mentioned in bin MS. 
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Temperature 1 13*VI1I*1932) 


m 20 24 



Pig. 2. Vertical distribution of 
temperature, (>« and pH (Lafce Osore- 
Man-ko). 

Abw'issa (upper). . . .Temperature 
and pH. 

Absri.ssa (Ixjlow . ..Oxygen. 


Temperature ""C 

Devrth 

m 10 12 14 16 18 20 22 



Fig. 4. Vertical distribution of temperature, 
0<: and pH. 

Ordinate.Depth in meter 

Abscissa (upper)-Temperature and pH. 

Abscissa (below). .. .Oxygen. 


Temperature C 

m 10 12 14 16 IH 20 22 24 



Fig. 3. Vertical distriimtion of temi>eratiire 
and Oxygen. 

Abscissa (upper)., . .Temp<rature. 

Abscissa (below). .. .Oxygen. 

iMke Osf^esan-ko J3*VIIl*l9>i8 

24 Tempei;ature 

Depth 

m 12 14 16 IH 20 22 2^4 26 



Fig. 5. Vertical distribution of dis* 
solved oxygen. 

Ordinate.Depth in meter 

Abtcisaa (upper),, . .Tenoperatime and pH. 
Abscissa (below).... Oxygen. 
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c) Hydrogen Ion Concentration 

It was reported by Yoshimura (1934 a) that Lake Osoresan-ko is one 
of the most remarkable acid-water lakes in the world, and that the strong 
acidity is due to the inflow of sulphuric acid from the numerous hot-springs 
found on the northern shore of the lake. In the period of summer stagna¬ 
tion the pH-value is in general lowest at the surface, and it becomes 
rapidly higher in the lower layers. The lowest value of pH hitherto 
observed is 3.0 measured by Yobhimura (1934 a) on Aug. 30, 1934. The 
highest value of pH of the surface water is 4.0 being measured by Tamura 
on June 28, 19‘J8. In the case of the bottom water, a value of pH as 
high as 5.0 was reported by Yoshimura in 1934. The commonest condi¬ 
tion of pH seems to be 3.5. The lower value of pH seen in the upper 
layer is obviously due to the inflow of acid water of a higher temperature 
derived from the hot-springs. There is, however, a noticeable phenomenon 
that a very irregular stratification of pH was more than once observed, 
viz., one on June 28, 1936, and the other on June 28, 19li8. As these 
observations were made by students, the writer somewhat doubts the 
accuracy of the data; but the result obtained by Tkzuka (MS) on the 
same day in 1938 shows a similar anomalous condition of stratification.. 
The writer considers that such a special condition takes place in the early 
stage of the supimer stagnation period. Further discussion will be made 
in later pages. In the case of Lake Inawasiro-ko, an acid-water lake in 
Hukusima Prefecture,'it was observed that the strong acid-water of River 
Nagase gawa (pH : 2,8) flows into the lake and into a somewhat deeper 
layer than the surface layer and thus lake-water near the river mouth 
shows the lowest pH-value at the depth of 12.5 meters (Yoshimura, 1938 b). 

With regard to the inversion of the pH-value in the bottom layer, or 
the dichotomous stratification, Yoshimura and Miyadi published their 
opinions. According Yoshimura (1936 b) it may be due to the increase 
of the buffer-action in anaerobic bottom water, especially in the lakes 
whose water shows a very weak buffer-action as is the case with most 
Japanese lakes. 


d) Dissolved Oxygen 

With regard to dissolved oxygen detailed data were obtained and are 
shown in Table II and III. The saturation percentage of oxygen given in 
the tables was calculated according to Fox (Whipple and Whipple), and 
the correction of altitpde was made according to Laplace, 
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In the present observation the oxygen content increases in the metah 
imnion and diminishes from this downwards, becoming free at the depth 
of 9 or 10 meters; particularly so on Aug. 13, 1938, vvh(‘n there occurred 
a marked supersaturation at the depth of 5 meters (Fig, 5). In the 
summer of 1931, a similar stratification had been observed by Yoshimuka, 
but on the other hand, in the summers of both of 1931 and 1932 the 
stratification of oxygen was scacely recognized. It may be possible that 
this change was caused by the change of the thermal cf)ndition of the 
lake-water mentioned in the proceeding page. 

It has been already reported that the maximum amount of oxygen 
content is found in the metalimnion during the summer stagnation period 
(JuDAY and Bikge, 1932; Yoshimura, 1938 a). Concerning this fact 
Yoshimitra (1935) has given an explanation as follows: the amount of 
oxygen increases towards the surface by the assimilation of phytoplankton, 
owing to the better light conditions at the epilimnion in the period of 
the spring circulation of the lake-water, but the rise in' water temperature 
at the surface in the summer reduces the solubility of resulting in 
.supersaturation of oxygen at the surface, and the excess of it evaporates 
by diffusion. We also discussed in detail the relationship l>etween the 
transparency of the water and the layer of maximum amount of oxygen 
content. According to him such a type of stratification of dissolved oxygen 
as seen in l.ake Osoresan-ko is usually observed in the lakes belonging to 
the oligo- and mesotrophic types of the second and third orders (1938 a). 
JiTDAY and Birge (1932) gave some computations with reference to the 
saturation values of many lake-waters in Wisconsin following Maucha’s 
fomulae. As a result of the computation, it is also shown that the exce>ss 
of dissolved oxygen in the thermocline may be du(‘ to the assimilation 
executed by the phytoplankton. In the present case of Osoresan-ko, 
however, there are two kinds of inflows feeding the lake; namely, the 
cold water saturated with oxygen which comes from the surrounding 
mountains, invading into the metalimnion, and the warm \vater which is 
derived from the hot-springs spreading over the surface. Thus we must 
consider the influence of those two kinds of inflow in addition to the 
assimilation executed by the phytoplankton. 

e) Chemical Constituents 

The analysis of chemical constituents of this lake water was made by 
Yoshimura using the samples obtained in 1932 and 1934 (Tamuka, 1935: 
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Yosiiimura, 19H4a). The results shown in Tahh^ IV are those estimated 
by Matuya and by the writer in 1936. 

Table IV. Aur. t, 1936 


Station 

Depth 1 

m 1 

, 1 

Cl 

mg/L 

sio, : 
1 mg/L 

PPA). 1 
mg/L 

N-NoOr. 

mg/L 


I 

! d ^ 

18.1 

IJ.l 

0.0\35 

0.000 


! X 

17.0 

: 9.4 ! 

0.022 ' 

0.011 

St I. 

H 

16.7 

. 8.2 ! 

0.010 

0.004 


10 

20.6 

8.5 

0.021 

0.008 


: 14 

28.0 

15.2 

0.125? 

0.010 

St. II a 

0 


13.9 

0.007 

0.003 

b. 

0 


16.3 

0.010 i 

0.005 

St. m. 

0 


11.4 

0.009 ! 

0.000 


5.5 


11.5 

0.011 

0.003 

St. IV. 

0.5 


12.9? 

0.008 

0.003 


St. I; Lnk(‘ (’outre 

St. II a: Mouth of lainoKJ/tt'va (an inlet on the south coa.st 
b' 10 motor up^orstroam 
St. Ill- off tho hot(‘l. 

St. IV; .Sy6/ii-gawti 

Tho analysis wore made l>y /. MATrY\ ox(!ept ( I 

Cl : From Table IV and Fig. 6, it can be seen that a slight diminu^ 
tion is observed in the middle layer and a marked increase in the bottom 
layer. A similar increase of (1 in the bottom water was observed by 


(1 and Si().* img/L) 

Depth 

m 0 fi lO If) 2(l 2r) .30 



Fig. 6. Chemical conutituonts of tho water of Lake OsoroKan-ko. 

Ordinate.Depth in meter. 

Abiciasn (upper). . . .ing/l of (H and SiOg. 

Abscissa below). . . .mg/l of P’F.Or, and N.^O*,. 
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Yoshimura in the summer of 1934, though the decrease of the same in 
the middle layer was very slight According to the studies made by 
Yoshimura (1933) and Ohle (1934) the apparent stratification of Cl 
indicates the presence of underground water having some different physico¬ 
chemical properties. 

SiOg, P“PgOr», N-N 2 O.: The d^ta shown in Table IV and Fig. 6 are 
those estimated by Matuya by means of colorimetory. 

SiOg-content is highest in the bottom water and is next in the surface 
water, and is at the minimum in the water 8 meters deep. P-PgO, and 
N-NgOr, are at the minimum in the surface water and increase towards 
the depth of 4 meters, and again decrease at H meters and then become 
maximum in the bottom water. 

it was reported by Yoshimura (1934 a) that the stratification of Fe 
showed a similar feature in 1934 as follows: 

Depth (m) 0 5 10 12 15 

Fe (mg/L) 0.4 0.3 0.2 4.5 

According to his investigation, the presence of any marked stratification 
of iron and of manganese are not to be found in any other acidotrophic 
lakes of Japan, Lake C)soresan-ko being the only exception (Yoshimura, 
1936 a). 

Yoshimura found in his investigation of 1934 that the electrical con¬ 
ductivity becomes strikingly reduced from the surface to the bottom. He 
considered at first that this reduction was caused by the reduction of 
salinity. But he revised his opinion in his later paper (1936 a), adopting 
Ohle’s opinion (1934), that the change of conductivity is mainly due to 
the decrease of H’, a large quantity of sulphuric acid flowing into the 
surface water of the lake from the hot-springs. 

It has been already mentioned that there are two kinds of inflow, 
namely, a number of small streams of high temperature coming from the 
hot-springs, and the streams of low temperature coming from the surround¬ 
ing mountains. Besides these, the marked increase of chloride in the 
bottom water may indicate the presence of an inflow of underground water 
of different properties. Thus we are able to consider inflows of at least 
three kinds in the period of the summer stagnation. Namely, first, warm 
water flowing into the surface layer, secondly the cold water coming froip 
the mountain and submerging into the metalimnion, and. thirdly the under¬ 
ground water remaining in the bottom layer. The anomalous stratification 
of pH found in the early summers of 1936 and 1938 may possibly be due 
to this fact. 
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It is not yet clear by what cause the summer stagnation did not occur 
in 1931 and 1932. It is, however, reasonable to suggest that the water 
level might have been higher in those two years than \r\ the later years. 
If it was so, the water of the mountain streams might have been enabled 
to mix with the surface water of the lake before submerging into the 
deeper layer, because the shallow area occupying the margin of the lake 
was enlarged by the elevation of water level. Hence, it might result in 
the losing of at least one factor in accelerating the stagnation of the lake 
water. In fact, according to Tamura’s report the water temperature of 
the River Otukusi-gawa, the largest inflow into the lake, was as high as 
that of the surface water of the lake, even at a point situated UK) meters 
distant above the river mouth, and beyond that point it became colder ; 
viz., the water temperature measured at a point UK) meters distant from 
the river mouth was 23.8 and that of 200 meters was 11.8'’ on Aug. 13, 
1931 (Tamura, 1933). 

in BIOLOGICAI. OBSERVATIONS 
a) Outline of Ecology 

In spite of the strong acidity of the lake-water the littoral region of 
the lake excepting the north coast is luxuriant in vegetation. As the main 
littoral plants, we may enumerate Menyanthes trifoliaia L., Sparganuw 
ramosum Huds. var. stirabufirym Graehn., and Scirpus IcUmstris L, var. 
Tabemaemontani Trants. In the shallower bottom the following subwater 
forms are found: PotamogeUm nipponicus Making, Carex ftcairrifolia 
Stend, and Leptodictium sp, (Kokubo et al, 1931). 'Fhe last species is 
found all over most of the area of the lake bottom. 

Of animal life Leucisus hakonensis is only the fish inhabiting this lake, 
its catch amounting to a big quantity. It is said that besides the above 
species attempts have been made to rear several other fishes such as 
carp, eel, trout, and crucian in this lake, but all the efforts were in vain, 
Kokubo and others {1931) observed that the carp and the crucian did not 
survive longer tha^n 24 hours in this lake water. According to them, the 
food contained ip the stomach of Leticisus was found to be constituted 
mostly of benthic Crustacea, Asellus sp. which may be rather rarely found 
in the net collection. 

In the small streams coming from the hot-springs as well as in beach 
water of the lake are found a large number of Chironomus larva and the 
tubes they make. They are most dense in the lake in water of from 30”C 
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to 34"C. Two species of Chironomus are found in this lake. Viz: Ch. 
connectens, and Ch. plumosm. In the streams running near the hot«spring, 
Sukayu, Mt. Hakkoda, Aomori Prefecture, the larva of Chironomus acerbi- 
philus Tokunaga is found in a condition closely allied. 1 hey live in water 
of IHX to 37°C ih temperature and is from 3,0 to 3.5 of pH. 


b) Plankton 

Tlie collection of plankton were made by means of a wing-pump 
(Kokubo, 1933), filtering tV water with nets made of Mullbk’s gauze 
No. 25 or of Japanese bolting silk. 

The following forms have been found in this lake by Tamura and the 
writer. Some forms which are not really planktonic, were also met with. 

As zooplankton we may mention the following forms: Eucyclops 
serrulatiLs (S. Fischkh) ? Macrocyclops fuscus (Jurine), Copepodid, 
Nauplius: Alona sp., Chydorus sphaericus O. V. Muli.er, Simocephalus 
Detulus (O. F. Mdller) ; firachionus urceus (L.), Cathypna sp., Diaschiza 
sp., Pompholynx sp., Tricocerca sp. ; Chironomus larva, Ascellm, sp., 
Hydrocarina, Nematoda. 

Among phytoplankton were noticed, Eunotia sp., Cosinodiscus sp., 
Fragiralia sp., Melosira italica, Navicula spp., Ulothrix sp., Anabaena sp. 

Brachionus was the leading form in 1931, and Simocephalus vetulus 
during the period extending 1931 1933, while Macrocyclops fuscus has 
been the leading form since 1931 up to the present time. The phyto¬ 
plankton seems to have been rather poor in general throughout all these 
periods. Therefore, in the writer's investigation, it was not dealt with 
quantitatively. A kind of diatom, Eunotia is also found in other acid- 
water lakes, such as Lake Itibisinai-ko, Gosikinuma group of lakes of 
.Bandai. Tamura reported a copepod, Eucyclops serrulatus in his first 
paper (1933) but he corrected the name to Macrocyclops fuscus in his 
later paper (1936). It may be, however, possible that Eucyclops serrulatus 
appears occasionally in certain seasons. 

A Rotifer, Brachionus urceus (L.) ( — B. urceolaris O. F. Muller) is 
found sometimes in abundance in this lake. It is known that this species 
is able to accommodate the pH in a wide range. Accordmg to Skadowski 
(1936) (after Rylov, 1935, p. 62) the pHdimit ranges from 4.5 to 11, 
the optimal being 7.6-10. And it was found by the survey made by 
Viscount Tanaka and others that this species is present in abundance in 
Lake Itibitinai-ko, Kunasiri Island, the water of which showing such a 
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pH'Value as 2.8. It is of interest to note that the species B. vtcpms is 
found dominantly in the markedly acid-water in Japan. 

It should also be noticed that the season of the maximum abundance 

of this species in Lake Osoresan-ko seems to vary with the years. For 
instance, in 1932 it was abundant in July and was very poor in August 

and September, while in 1931 it was abundant from the end of August 

to September, In August of 1935 it was somewhat poor in quantity ; and 
in 1936, it v^s very rare at the end of June, but showed a remarkable 
dominancy in August. In 1938 it was comparatively poor in (juantity in 
August.- 

ChydoTus sphaericMs seems to be a rather common plankton appealing 
in every collection. This species is typically a littoral form, and a large 
quantity of it is found in the collection made in the River Syo/,u-gawa 
(Fig. 10 and Table VIII). It was found by Ueno in Lake Onuma-ike, 
Nagano Prefecture, the lake water being 3.7 of pH. A Cladoceran, 
Simocej)halus vetulus, was the most dominant species in Lake Osoresan-ko 
in 1931 and 1932, and in 1933, this species appeared still more abundantly. 
In 1934, however, a striking decrease in quantity was noticed of this 
species, and the same condition continued until the summer of 1938. The 
species which has now taken the position of Simocephalus veiultis is 
Macrocyclops fusciis, a large copepod coloure<l a beautiful green. This 
species which had been seldom met with in the years before 1933, has 
shown a remarkable increase sincethen. 

As regards the cause this apparent phenomenon it needs some special 
comments. With regard to the pH-value and the surface temperature of 
the lake-water, no noticeable change was recognized, at least not in such 
a degree as to cause changes in the plankton fauna. It is, however, 
worthy of attention that the change of plankton above mentioned was 
accompanied by a marked change of the stratification of the lake-water in 
summer. In other word, it seems that the stagnation of the lake-water 
exercised in some way an influence upon the breeding of Simocephalm 
vetulus. 

The course of the change in main plankton in the year above men¬ 
tioned is shown in Fig. 7. As the collections were not always made 
quantitatively, only the percentage of plankton is given, (he* phytoplankton 
being excluded. 
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l«Sl _1 93:j 1934 1936 193H 

24«1X 13‘V 23*VII 12«Vin 24‘XI 24-Vl 29‘IX 12*Vin l3»Vni 



^M: Macrocyclops fuscus ♦N: Nauplius aCH: Chydorus sphurricus 
nS: Simocephalus vetulus Brachinus urceus. 

Fig. 7. Feature of changes of the zooplankton from 1981 to 19^1H, 
showing the percentage of each plankton. ^1931: Koki;mo et al; ’82, ’.84: 
Tamura; ’85, ’86, ’158 ; MasikO ). 

c) Vertical Distribution and Migration of Plankton 

The observation were carried out on June 28-29, on Aug. 4- 5, 1936 
and on Aug. 13, 1938, making the collection by means of a pump. In 
the two collections made in 1936, twenty litres of water were obtained 
from every layer of three meters from the bottom to the surface, and in 
the collection tried in 1938 ten litres were secured from each of six layers. 
In 1936 the collections were made four times in the twenty four hours, 
viz., in the daytime, just after sunset, at night, and at dawn. 

The results obtained on June 28-29, 1936, are shown in Table VI 
and Fig. 8. The main plankton obtained on these days were copepodid 
and nauplius of Macrocyclops ftcscus. It was found that the majority of 
both forms inhabit the thermocline throughout the daytime, but that 
migration in a slight degree may occur in the twilight and ih the night 

(Fig. 8). 

A kind of Rotifer, BracfUonus urcetis was generally found to be distribu¬ 
ted in the upper layer, showing its maximum abundance in a layer three 
meters deep, except in the daytime of the 28th when it was seen on the 
actual surface. The other Rotifers, such as Cathypna sp., Dimckiza sp., 
and Tricocerco sp., were generally found ip the deeper layer; especially, 
Diaschiza sp. which was densely abundant in a layer 9 meters below the 
surface or in the part lower than the thermocline. 




Table V. Showing the vertical distribution of plankton (represented by number of individuals 

per 10 litres), June 28-29, 1936 
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Fablk V^l. Showing the vertical distribution of plankton (represented by number of individuals 
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The results obtained on Aug. 4 5, 1956, are shown in Table VI. The 
features of the diurnal migration of the main plankton, namely those of 
the adult, juvenile, and nauplius of M. fuscus and of B. urceus are shown 
in Fig. 9. As is seen from the table, the adult form of the former 
became somewhat dominant, but the total numbers of the adult and of 
the juvenile were much less wlnm compared with those seen in the former 
observation. The adult was observed to increase in number during the 
night in the surface water, from which it was completely absent in the 
daytime, during which time it app(Ted most abundantly in the thermocline. 
The juvenile also showed a similar upward movement in the night. Its 
upward movement was in slighter degree than in the case of th(‘ adult, but 
it was far more noticeable when compared with the migration of the juv(*nile 
in former times. The nauplius appeared most abundantly in the surfac(‘ 
layer in the daytime, showing a sharp contrast to the former, except in 
the early morning, when the distribution was nearly uniform from the 
surface down to a depth of 6 meters. The speci(‘s Brachionus urceus 
mostly inhabited the very surface. A slight decrease in the maximum 
number seen in the early morning may possibly have been due to the 
heavy rain which fell that morning. A similar tendency was recognized 
also in the obs(Tvation made in 1936. It is, however, not definitely certain 
if the vertical distribution of this kind of Rotifer was influenced by the 
rain-fall or by the wind as in the casc*s of some phytoplankton, indicated 
by Stadtmann (Ruttner, 1914). 


Table VII. Vertical distribution of the plankton (represented by the 
number of individuals per 10 litres). 15 h., Aug. 13, 1938 


Depth {tr)) 

« i 

^ ! 

5 

8 

10 

13 

Aver. 


Macrocyclops fuscus 

(> ; 

M! 

I 

7 

2 

9 

1 

2.2 

2.9} 

Copcpodid (A/, fuscus) 

Ml 

•15 

19 

2.3 

2 

6 

21.9 ( 

28.2) 

Nauplius (M. fuscus) 

loa 

69 ' 

22 

9 

1 

7 

33.7 : 

15.2; 

Ohydorus sphaericus i 

Oi 

J 

0 

0 

0 

0 

0.2 ( 

0.2) 

Simocephalus vet ulus 

a '' 

0 I 

" I 

1 1 

0 

9 1 

0.7 ( 

9.9) 

Brachtonus urceus 

39 1 

21 1 

19 1 


3 

19 

16.0 ( 

21.5) 

Errs 

1 2 1 
' 1 

1 1 

0 1 

2 

9 j 

9 

0.8 ( 

M) 

I’otal 

1 178 { 

131 1 

67. 

11 ! 

1 6 

21 

74.5 (100.9) 


The results obtained on Aug. 13, 1938, are shown in Table VII and 
Fig. 10. The adult form of Macrocyclops fuscus showed its maximum 
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Lake (horesan'ko 13*Vilhl93H, 15 h. 



Fig, 10. Vertical distribution of plankton on Aug. 13, 1938 (Numljcr.s 
of individuals per 10 litres are given). 

number in the layer 5 meters deep, and was nearly completely absent in 
the surface layer, and only one specimen was found in the water 13 
meters deep where no oxygen was detected The juvenile of this species 
was found most abundantly in the layer 2 meters deep, and next most 
abundantly in the surface layer. The nauplius of the same species crowded 
mostly in the surface layer, especially in the uppermost part. Brachionvs 
urceus was found to be distributed also in the deeper water, though it 
also may densely inhabit the very surface. 

In general consideration of the vertical distribution of the plankton 
some interesting facts were noticed. The adult of Macrocyclops fuscus 
always inhabits the thermocline during the daytime, and migrates in the 
night. The juvenile of the same species inhabits the metalimnion, show* 
ing more or less a tendency to migrate upwards in the night or in the 
twilight. The nauplius of the same species shows a much different distribu¬ 
tion according to the season. On June 28- 29, 1936, most of it was in¬ 
habiting the thermocline, in August of 1936 and 1938 it inhabited mainly 
the surface layers. Thus the vertical distribution of Brachionus urceus 
seems td vary according to the year or to the season, the diurnal migra¬ 
tion being scarcely recognized. According to Tamura, this species inhabi¬ 
ted a comparatively deep layer in the summer of 1932, while in the autumn 
of 1934 it inhabited rather the upper layer. In the summer of 1936, the 
writer found this species mostly inhabiting the surface water during the 
da)rtimet and the same condition was also obtained in 1938, but it was not 
80 distinet as in 1936. 
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The fact that the whole mass of plankton was found somewhat in the 
deeper layer on Aug. 13, 1938, may be regarded as having been caused 
by the heavy fog on that day. This fact was also ()l)served by Russkl 
(1926) and Kikuchi (1930). 

In 1936, Macrocyclops fuficus, both the adult and juvenile forms, crowded 
just above the anaerobic layer where the proportion of dissolved oxygen 
was only 53.5 and 15.5 percent, on June 28 and on Aug. 1 respectively. 
On the other hand, in 1938 they were found in the uppermost layer of 
the thermocline where the oxygen was in a .state of oversaturation. 

According to Kikuchi’s observation made in 1931 and in Lake Han- 
getu ko, some plankton, such as Pseudodiaptomus japonicus, Limnocalanus 
siTiensis, I^jtodera kindiii, Keratella cochlearis inhabited abundantly the 
layer of scanty oxygen. The vertical distribution of Polyarthrn platyptera 
observed by Ruttner in Lunzer Ober.see is also one of the remarkable 
examples. In this lake almost all the individuals of that Rotifer were 
found to be crowded in thb layer where the 02 -content was only 0.1 mg 
per litre (Ruttner 1911). The vertical distribution of nauplii in Lake 
Mendota shows features similar to those observed by the writer in Lake 
Osoresan-ko on June 28, 1836 (Juday 1903, quoted from Rittner 191 1). 

Thus we meet with many examples which serve to show the fact that 
some plankton often prefer to live in the water-layer of poor oxygen 
content. 


IV. PLANKTON IN TOE WATER FLOWING FROM THE LAKE 
THROUGH RIVER SY6ZU GAWA 

Through the only outlet, Syozu-gawa, a large quantity of plankton is 
found in the water flowing from the lake. The writer has tried two 
collections in the outlet above mentioned, i) obtaining the plankton from 
10 litres of water taken by means of a pump on Aug. 13, 1938; ii) 
obtaining the same by filtering the water for 30 seconds by means of a 
net of 20 cm diameter on Aug. 14. The results thus far secured are as 
shown in Table VIll, 

When comparing the above table with Tables V-VII, one will be aware 
that of every form of plankton the number of individuals contained in an 
equal volume of water is much greater in the water which came from 
the outlet than in the water taken from lake centre. If we assume that 
the section area of the river is roughly thirty times as large as the mouth 
area of the net, the number of individuals which passes into the river 
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Table Vlll. Showing the plankton obtained by the colltH tion 
tried in the River Syozu-gawa 


plankton 

i No. of 
per 

individuals 

10 1. i/v 

1 No. of 

j .HO sec e( 

ind 

>llo( 

in 

MacTiK'yclops fuscus 

11 

!*) 2 

\m\ 

M 

0 

i ’(>p<*poduJ 

(>1 

' 22.0. 

!;n2 

17 


Naup^^^is 

9r> 

' dr>:r 

H69 

1; 

1 

CliydoruH sphnericu^ 

2^ 

9.2. 

i8:n 

21 

I 

Sttn(>cephulu3 vetulus 

2 

o.s. 

i ]0 

0 


Rrachumus urceus 


21.0 

i 22HH 

'29 


C<jthypna sp. 

0 

0.0 

' 

i 0 

7 

Duischizo sf) 

0 

0.0 

2 

i 0 

m 


10 

d.7 

20fi 

2 

7 

Asvllus sp 

0 

' 0.0 

1 

0 

01 

Chirotiomus larva 

0 

0.0 . 

.o 

> 0 

07 

Ncmatoda 

0 

0.0 

18 

. 0 

21 

I'ot il 


UMEfi 

70(ni 

99 

88 


from the lakt^ mav lie estimated at tis nuudi as a da\. 

In the summer of 1932 Mori (1933) made some quantitative^ observa¬ 
tion on the plankton of Syozu-gawa. In his ease the species predominating 
in the lake was Simocrphalus vctulus and consequently the river plankton 
also consisted of the same species. His results showed that the numlxT 
of plankton deert'ases wdth the course' of the river, thus^after running a 
course of 11km the numbiM- of plankton became of the initial 

quantity, being measured at the Pacific estuary. Of all the species tlu' 
decrease of S. vetulus was the most remarkable, probably owing to the 
delicate structure of its body. 

\ 

V. ANORGANIC ACIDOTHOPHIC I.AKKvS IN .JAPAN 

The acidotrophic lake-type is divided by Yoshimuha into the following 
two subtypes: 

i) Organogene or organic acidotrophic type : the acidity of the lake 
water originates ^rom the humic substance. 

ii) Mineralogene or anorganic acidotrophic type: the acidity of the 
lake water is caused by inorganic acid, chiefly by sulphuric or hydrochrolic 
acid, having its origin in active volcanoes or hot-springs. 

In our country where the volcanoes and the hot-springs are very common 
it is quite natural that many lakes are of the latter type. I he strongest 
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acidotrophic lake hitherto known in the world is I>ake Kata-numa in Miyagi 
Prefecture (Yoshimura, 1934 b). No plankton can be found is this lake, 
but some benthic, forms were reported recently by Hi zimatu (1938) and 
by NegorO (1938 a). They are Pinnularia Braunii (Ghun.) var. amphi' 
cephala (A. Mayer) ; Stylonichia sp., Ccdlidina hide7is Goss, as species 
of Notommatidae, Chtronomus acerbiphilus Tokunaga, Ch. sp, (Salinarius* 
group), Forcipomya sp., a species of belonging to Ephyridae. Besides these 
there were two adult forms of insect, Enochrus umbratus Sharp and 
Aquaritis palludum Fabricius collected by Huzimatu, but he considered 
them as temporary migrates from elsewhere. Next to Lake Kata-numa 
comes Lake Okama of Zao which is one of the representative crater lakes 


Table IX. Showing the general features of the anorganic 
acidotrophic lakes found in Japan 
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laying near the summit of Volcano Zao, showing as high pH as from 1.9 
(1931) to 3.4 (1933) (Anzai, 1934). No organisms were found in this 
lake. The lake habitable for plankton is Lake Itibisinai-ko of Kunasiri 
Island, and its pH is uniformly 2.8 from surface to bottom (Tanaka and 
Hoshino, 19!H). In this lake Brachionus urceus was found abundantly 
(i.e, 99^0 all of the plankton in the lake) and Kemtella cochlearis (Gosse) 
and Chydorus t^bbus LiixjebORi; were also found but only meagrely, no 
phytoplankton ^eing found (Ueno, 1934 a). Of a pond, called Itibisi-syoko 
which lies near L. Itibisinarko, it is reported that its water has a pH as 
high as 2.3 and a temperature higher than 7”C. It contains no oxygen 
at all even in the surface layer and thus is, lacking of organisms (Tanaka 
and Hoshino, 1934). Lake 6numa-ike is also known as one of. the 
marked acidotrophic lakes (pH; 2.8 3.4). This lake is inhabited but scanty 
by such creatui es as Bostnina longispinay Chidorus sphaericus, and Cyclops 
strentts (Ueno, 1934b). Taking the above lakes into consideration, Lake 
Osoresan-ko may be said to be the most acid lake in which the fish and 
phytoplankton are found. 

The general feature of anorganic acidotrophic lakes in Japan is tabula¬ 
ted in Table IX. 
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VII. SUMMARY 

1) Lake Osoresan-ko is an extreme example of an acidotrophic lake. 
If more particular mention is required it may be said to belong to the 
class of lakes of mineralogene or anorganic acidotrophic subtype. Ihe 
pH-value of the lake water ranges around 3.5. 

2) The productivity of this lake seems to be fairly great in spite of 
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its high acidity. The lake may be the most acidotrophir lake in the world 
inhabited by fish and by phytoplankton. 

3) Since 1924 the lake water has shown some distinct stratification 
in summer, being observed by both physical and chemical means, while 
before that in the summer of 1931 and 1932 the stratification was scarecely 
recognized. A similar change was also observed in the case of th(^ trans¬ 
parency of the water. 

4) We may consider the inflow of water intx) the lake to be of at 
least three kinds of categories, viz., i) the water derived from the hot- 
springs, ii) the river water coming from the surrounding mountains, and 
iii) the underground water indicated by the Cl-content. 

5) The species of plankton from Lake Osoresan-ko hitherto recorded 
are about twenty five in number. During the period covering from 1931 
to 1933, the lake was predominated by a cladoceran, Simocephalus vetulus, 
which species has shown a marked decrease in number from 1934 to 1938. 
The form which increased thereafter was a copepod, Macrocyclops fmcus. 
replacing the above species. A Rotifer, Brachicmus urceus also appeared 
abundantly in the lake. The latter species seems to have a special adapt¬ 
ability to water of high acidity. 

6) The change of plankton above mentioned is simultaneous with and 
probably caused by change in the .stratification of the lake water during 
the summer stagnation period. 

7) The vertical distribution of the main plankton has been observed. 
MacrfX'Ajclops fuscus inhabits the thermocline during the daytime, and 
shows an obvious nocturnal migration. Copepodid showed a similar 
behaviour though it is less distinct in degree. Nauplius of the same 
species was mostly collected in the lower part of thermocline during daytime 
in the early summer of 1936, while it was found largely in the surface 
layer in the midsummer of that year. Brachionus urcPus always inhabited 
the surface layer, while some other rotifers, especially Diaschiza sp., collec¬ 
ted at the thermocline. 

8) Concerning the outflow of plankton from the lake through the river, 
an observation was made quantitatively of the River Syozu-gawa, the only 
outlet of Osoresan-ko. 
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ON THE OCCURRENCE OF THE ACID REACTION 
IN THE BODY TISSUES OF AN ASCIDIAN, 
ASCIDIA SAMEA OKA’ 


»v 

Satauo Kobayasiu 

/oolofficnl lahnratoni, UakoiUite nf Fisheries, Hakodate, Hokkaido. Japan 

I{erciv(‘cl ,Iuru‘ (i, 19K)) 

INTHOIHXTION 

Sinc'C Henzk/s work (1911, 1912, 1912 a a?id 1912 b) on the presence 
of free sulphuric acid in the blood-cells of Phallusia mmnmilLntn and in 
the fluid of the mantle-tissue of Ascidia meniula, a number of work have 
appeared by several other investigators. 

Hi:cht (1917) demonstrated an acid reaction in the blood-cidls, but 
not in the plasma, of the Atlantic ascidian, Ascidia aim by testing it 
with litmus paper. 

Histochemically Kaukin and Damhovickanu (1922), when observing 
the blood of Ascidia mentula using th(‘ staining reaction with pH indi¬ 
cators and by th(‘ microinjection technique, determined tht‘ pH value of 
the plasma-Huid and the intracellular pH of the blood-cells and also of 
the vesicular cells in the test. 

Prenant (1922) in his studk^s of the* acid or alkaline reaction in the 
test in a certain number of the European ascidians by means of ( lark 
and Lubb^s indicator series, detected the acid reaction in thi^ test of 
several species, viz.: Ferophora listcri, ^Diprosonia listrianuw. A'^cidia 

fu?nigata, and also in the blood of ^Ij^toclinum ^elatinosmn. 

Webb (1929) made observations of th(‘ blood, using a number of the 
European ascidians, with special reference to the biochemistry of the 
vanadium chromogen. From the results of his obseivation and reexami¬ 
nation of the earlier works, he states that in Ascidiidac and Perophoridae, 
sulphuric acid is presented in the special type of the blood-cell, the 

''( ontribution from thf* Marine Biologieal Station, Asnmushi, Aomon-Ken, No. IbU. 

^ At'cording to Wehb’s paper (1939;, the .speries given by Pkknant J92o, as Ihplosoma 
lif'te.rianum correspond to LeptocUnum gehitinosum, and Leptor.hnum gelatinosum, to Dulrm- 
lahilUi Hartm. 

.337 
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vanadocyte, yet in some form within Ascidiidae, such as Ascidia asperm, 
and Ascidia scabra, acid was found in the vesicular cell of the blood as 
well as in the test. In addition to the above species so far studied, he 
ascertained the presence of sulphuric acid in both the test and also the 
blood of Ascidia conchilega var. depressa, Ascidia aspersa and Ascidia 
scabra. 

A condition similar to that of the above ascidian species was reported 
by the present writer as occurring in the blood-fluid of the Pacific ascidian, 
Chelyosoma siboja Oka (KobAyashi 1933, 1935 and 1938) ; free sulphuric 
acid was also demonstrated in the blood-fluid, a considerable amount of 
acid was found to have accumulated in the special corpuscle cell existing 
among the various different corpuscle cells, i. e. in the cell sap of the 
vesicular type cell. Chemical analysis of the blood-fluid showed that the 
amount of sulphuric acid (ca. 4^) in the corpuscle-fluid is nearly identical 
with the isotanic saline concentration of the surrounding sea-water. 

In 1939, the present writer had an opportunity to study the acid 
reaction in the body-tissues of Ascidm samea Oka, by the cburtesy of 
Mr. Masahiko Takamatsu, of the Saito Ho-on Kai Museum in Sendai. 

The species under consideration was recently described as Ascidia 
samea by Dr. Asajiro Oka in his report on the simple ascidians of 
Mutsu Bay (Oka 1935). He reported that this species is distributed 
along the Pacific coast of north-eastern Honshu Japan. During the writer’s 
stay at Ishijima village on Katsura-jima, an islet in Matsushima Bay near 
Sendai, Miyagi prefecture, it was found that Ascidia samea Oka was in 
great abundance on the rocky shore of that islet. These ascidians were 
attached to the rock surface by the entire left side of the body, together 
with other sessile animals and sea weeds. 

The medium sized specimens measured 3.5-'5.0cm. in length, 2.0--2.5 
cm. in breadth and 1.0-2.0 in thickness. 

A thin cartilaginous test 0.5-2.0 mm. in thickness covers the outer layer 
of the entire soft body. 

In this species, the acid reaction was also demonstrated in the living 
tissues when litmus paper was applied on a cut surface of the ascidian 
body, as in the case of Chelyosoma siboja Oka. 

This work was undertaken in the summer 1939 to determin the 
nature, the amount and the anatomical localization of acid present in the 
ascidian body in Ascidia samea Oka in comparison with that in Chelyo- 
soma siboja Oka. 

The preliminary treatment for Ascidia samea was carried out tn the 
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laboratory of the Biological Institute, Tohoku Imperial University in Sendai, 
and that for Chelyosoma siboja Oka at the laboratory of the Asamushi 
Marine Biological Station. 

After this preliminary treatment, the materials of both samples were 
taken to the zoological laboratory of this college where this work was 
continued. The results so far obtained are presented in this paper. 

MATERIAL AND METHOD 

The materials employ(Kl in this experiment, were collected at the low 
tide in the summer season, being carefully removed from the rock surface. 

The materials thus collected were cleansed of their adhering mud and 
other sessile organisms. Of these sample materials, a number were dis¬ 
sected, in order to obtaine the body-fluid and tissue-fluid for chemical 
analysis of the acid in them. 

Others of the specimens were used for the detection of acid reaction 
in the living tissue by means of vital and other dyes. 

For the chemical analysis of the body-fluid and of the tissue-fluid from 
the soft body wall, two groups were selected from the samples. Those 
of first group were respectively dissected dorsoventrically, so that the 
outer cartilaginous test could easily be separated from the ascidian soft 
body. In this treatment it was found that the body-fluid (presumably 
the blood-fluid) oozed out like a pool in the region between the test and 
the soft body. From the soft ascidian body thus treated, the tissue of 
the actual soft body-wall was obtained, after the removal of the internal 
organs. It was minced, collected in a small flask and then heated on a 
boiling water bath for 10 min. By this treatment the tissue-fluid of the 
soft body wall was obtained. It was filtered and used for chemical 
analysis. On the other hand, from a large number of the second group, 
about 100 cc. averaging 1.5-2.0 cc. for each individual was collected by 
a pipet. It was immediately centrifugalized and separated into the plasma- 
fluid and the corpuscle was sedimented at 3000 r.p.m. for 20 minutes. 
The corpuscle-fluid was obtained by freezing from the sedimented corpuscle, 
and this was further cenfrifugalized and filtered as in the case of Chelyo- 
somh sibojn Oka. (Kobayashi 1933, 1935 and 1938). 

For the chemical analysis of the ascidian tissue-fluid, the acidity of 
the plasma-fluid and of the frozen corpuscle-fluid, was determined with 
0.1 N. sodium hydroxide solution by phenolphtalein and pH was measured 
by ^ hydrogen ion meter by means of the hydrogen electrode. 
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Protein was removed by precipitating with the method of Foun and 
Wu (1919) or by 20 ^^/(j solution of trichloracetic acid. Chlorine was 
estimated by the method of Whitehorn (1921) or Vorhard, and in¬ 
organic sulphate by the gravimetric method of barium chloride. The 
treatment and method of the chemical analysis of these ascidian-fluids 
were almost the same as in the blood-fluid of Chelyosoma siboja Oka. 
(Kobayashi 1933, 1935 and 1938). 

The body-fluid of Chelyosoma siboja Oka, and the specimens of the 
sea-water from the habitat of both the ascidians, (Ascidia samca Oka 
and Chelyosoma siboja Oka) were analysed for comparison with those in 
the case of Ascidia samea Oka. 

For the staining reaction of acid, neutral red, methyl red and aethyl- 
violet were employed. Neutral red was dissolved in the filtered sea-water, 
in which a number of the living ascidians were then immersed for two 
days. Methyl red and aethylviolet were employed under the microscopic 
examination for the detection and the determination of the cellular pH 
in the acid cells for which the latter was specially chosen for the low 
pH indicator in the range of pH 1.00-0.00, instead of methyl-violet in 
the cas(' of Chelyosoma siboja Oka (Kobayashi 1938). 

The violet-coloured testing-paper prepared by aethylviolet dye, was 
used for the detection of acid reaction after the removal of the outer 
cartilaginous test, it was applied on the surface of the soft ascidian body 
and also in the body-fluid. 

EXPERIMENTAL RESULTS 

Chemical analysis of the tissue-fluid of the soft body wall and the 
body-fluid. 

The analytical results of the tissue fluid of the soft body wall and of 
the body-fluids (plasma-fluid and corpuscle-fluid) are shown in Table 1, 
together with that of the Matsushima sea-water. 

1 ABLE 1 . 




Acidity 

Gm. in 

1000 cc. 




pH 1 

Normality 

Cl 

SO., 

SOVCl 

Tissue fluid of soft body wall 

1.27 

0.248 

7.24 

21.44 

2.4680 

Body-Huid 

Plasma-fluid 

2.28 i 

_! 

0.015 

15.20 

4.18 

0.2292 

(Blood-fluid) 

C'orpu.scle-fluid 

0.58 [ 

0.581 

2.10 

37.44 1 

14.7629 

Matsushima 

sea-water 

8.0 } — 

I 16.44 

2.31 

0.1166 
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As shown in the above table, the pH of the ascidian fluids were re¬ 
spectively determined to be 1.27 for the tissue-fluid, 2.28 for the plasma^ 
fluid and 0.58 for the frozen corpuscle-fluid. The total acidity or normality 
was estimated to be 0.248 for the tissue-fluid, 0.015 for the plasma-fluid 
and 0.581 for the corpuscle-fluid. The amount of chlorine (gm. in 1000 cc.) 
was determined to be 7.24 for the tissue-fluid, 15.20 for the plasma-fluid, 
2.10 for the corpuscle-fluid, while the amount of inorganic sulphate was 
found to be 21.44 for the tissue-fluid, 4.18 for the plasma fluid and 37.44 
for the corpuscle-fluid. The results of the Matsushima sea water analysis 
were found to be 8.0 for pH, 16.44 for the chlorine content and 2.31 
for sulphate. 

The ratios of SO^/Cl were respectively found by calculation to be 
2.4680 in the tissue-fluid of the soft body wall, 0.2292 in the plasma- 
fluid, 14.7629 in the corpuscle-fluid and 0.1166 for the Matsushima sea¬ 
water. 

From the results of the above chemical .analysis of the ascidian fluid, 
the values of the acidity (normality and pH) and the amount of inorganic 
sulphate were found to be the greate.st in the corpu.scle-fluid, lowest in 
the plasma-fluid, and of medium value in the tissue-fluid, while chlorine 
content was found to be greatest in the plasma-fluid, lowest in the cor¬ 
puscle-fluid and of medium value in the tissue-fluid. 

However, the sulphate content and the ratios of SO»/CI in the Matsu¬ 
shima sea-water show the low^est value, while pH and Cl content show 
the highest values as compared with those in the ascidian fluids. 

From the above results, it is evident that the acid reaction of the 
ascidian tissue-fluid and body-fluid in Ascidia samea Oka is due to the 
presence of free sulphuric acid and that the acid concentration is highest 
in the corpuscle-fluid. 

Staining reaction by the vital and other dyes. 

After keeping the ascidians for 24-48 hours in a glass bowl containing 
the filtered sea-water in which neutral red had been dissolved, 5-l()cc. 
of the body-fluid could be collected. By allowing this fluid to stand for 
several hours in a test tube, it was observed that it separated into two 
portions, i. e. the supermanent plasma-fluid and the sedimented corpuscle 
mass. The upper layer of the plasma-fluid exhibited a weak acid reaction, 
in marked contrast to the heavy deep wine-red colour of the strong acid 
reaction in the sedimented corpuscle mass. 

On examining this separated corpuscle mass under the microscope, 
the enormous volume and multitudinous number of the vesicular cells and 
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a certain number of the vesicular amoeboid cells were readily visible, 
being stained by the pink colour of the acid reaction at the vacuolated 
cell sap. Besides these two types of acid cells, other types of non-Acid 
cells which lack the acid reaction are also present in this fluid. The 
diameter of these cells were measured and found to be 40-6(J // for the 
vesicular cell, 8-30/^ for the vesicular amoeboid cell, most of which were 
8-* 13//, and 5-7// for the other remaining nomacid cells. 

The general morphological characteristics of the vesicular type cells 
and oiher non-acid cells in the body-fluid of Ascidia samea Oka show 
much similarity to those in the blood of Chelyosoma siboja Oka, as was 
observed by Ohitye (1935) and by the present writer (1933 and 1938). 

By the staining reaction by methyl-red, it was observed under the 
microscope, that the cell sap of the vesicular cell was stained a deep 
wine-red colour, indicating a clear evidence of acid, a pH below 4.4 as 
was employed by Henze (1912). It was further observed by the staining 
reaction of aethylviolet under the same conditions that the cell-sap of the 
vesicular cell was stained a yellowish colour of the high acid concentration 
of pH 1.00-0.00, and yet the external plasma-fluid surrounding the vesicular 
cell gradually stained a greenish clour, indicating a lower acidity than 
the cell-sap of the vesicular cell. 

Similar acid reaction produced by aethylviolet in the cell-sap of the 
vesicular cell does not only show in vivo under the microscope but also 
in the frozen corpuscle-fluid in vitrOy which closely agrees with the results 
obtained from the frozen corpuscle-fluid (pH 0.582) when employing the 
electrometric method. 

It was further noted that no cellular elements such as the Balasen- 
zellen ’’ could be detected in the cartilaginous test of this species. 

A further experiment on the acid reaction was performed on the soft 
body surface immediately after the removal of the cartilaginous test. 

On applying the aethylviolet tesing paper on the surface of the soft 
body-wall, it was found that the proper deep violet-colour of the testing 
paper was suddenly changed into the yellowish-green colour of the acid 
reaction, showing slightly less acidity than the frozen corpuscle-fluid. 
This colour-change of acid reaction appeared as many scattered spots of 
the coloured reaction over the whole surface of the ascidian soft body, 
due to the locarization of the presence of acid. 

In Chelyosoma siboja Oka, a similar experiment with relation to the 
coloured reaction by aethylviolet paper was also carried out on the soft 
body-surface after the removal of the cartilaginous test, and it was found 
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that there is no evidence of colour-change or acid-reaction in any part 
of the soft body except the clear acid colourTeaction at the blood sinus» 
located at the ventral side of the ascidian body, as was described in the 
previous paper (Kobayashi 1938). The experiment on Ascidia samea 
Oka suggest that a considerable number of the acid-containing vessels 
are distributed on the surface of the soft body-tissue, showing a close 
anatomical connection between the test and the soft body. In addition 
to this fact, in the fixed specimen preserved in the Bouin’s picroformal 
solution or formaline solution, the distribution of fine branching blood 
vessels was observed all over the surface of the soft body, and on the 
other hand, in the cartilaginous test, the blood vessels are considered to 
be anastomosely distributed through those on the soft body surface. 


(iENERAL REMARKS 

Froj(n the results obtained by this experiment, the ascidian, Ascidia 
samea Oka, shows the acid-reaction in the soft body-tissue and in the 
body-fluid which oozed out through the soft body tissue and the carti¬ 
laginous test. No acid reaction of the cellular element however could be 
detected in the cartilaginous test, as in the case of Chelyosoma sibqja Oka. 

The acidity concentration of sulphuric acid is found to be high (S^/o) 
in the corpuscle-fluid, low (0.7 in the plasma fluid and of medium 
value (1.29^) in the tissue-fluid of the soft body-wall. 

As to the occurrence of acid in the plasma-fluid, Rapkin and Dambo- 
VICEANU (1925), after the separation of the blood-cells by centrifugalization 
gave a pH of 7.0~7.4 in the European species, Ascidia mentula. 

Webb (1^39) claims in his experiment with Ascidia aspersa and other 
ascidians that the plasma of these ascidians is usually found to be close 
to pH 7.0 by careful centrifugalization. In connection with the above 
works, the present writer has also observed that the vesicular cells in 
both Ascidia samea Oka and Chelyosoma siboja Oka, are easily cytolysed 
either by mechanical or other shocks, such as centrifugalization, owing 
to the very delicate thin cell-membrane of the vesicular cell. 

It is very difficult to obtain the non-acid containing plasma-fluid or to 
avoid the i*upture of the vesicular cells in the plasma-fluid without any 
artificial mechanical disturbance, at least, at the presence of such special 
type of the cells in the ascidian body. 

Comparing these results obtained from the body-fluid in Ascidia samea 
Oka with those in Chelyosoma siboja Oka, as will be shown in Table 2, 
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the aridity amounting to SO^ and Cl, and also the ratios of SOg/Cl in 
Ascidia samea respectively show a lower value than those in Chelyosoma 
sibiyjcL- And the difference in these two species are found to be much 
greater in the corpuscle-fluid introduced from the vesicular acid cells, 
than in the plasma-fluid. 

In connection with above differences in the analytical value between 
these two ascidian species, Ascidia samea and Chelyosoma siboja^ the Cl 
and SO 4 content in the Matsushima Bay sea-water show considerably less 
value than in th(^ Mutsu Bay sea-water, although both show almost similar 
values in the ratio of SO,/Cl. 

Previous to this experiment, Yoshimura and Nisiyama in their oceano¬ 
graphical study observed in 1937 the low salinity of the water in Matsu¬ 
shima Bay. 


Table 2. 


, 

Species i! 

Acidity 

Gm. in 1000 cc. 

: S( »;,/(■! 

j! 

pH 1 Normality 

Cl 1 SO 4 



Plasma-fluid 


Ascidia samea Oka 

2.28 

0.015 

I 15.20 

4.18 

Chelyosoma siboja Oka 

1 .80 

0.027 

1 17.99 

4.96 


(’orpu 8 rle-fluid 


Ascidia samea Oka | 

0.58 

; 0.581 

2.10 

37.20 

Chelyosoma sihoja Oka 

0.38 

0.876 

2.14 

45.65 


0.2292 


0.2297 


14.7619 

17.77H7 


Spa-water 


Mnt.sushima Bay 

8.0 


16 M 

2.31 

Mutsu Bay 

8.2 


19.14 

2.67 


The above results in the low^ concentration in acid (sulphuric a?cid and 
pH) as well as in the amount of Cl and SO^ in both the plasma and 
corpuscle-fluid shown by Ascidia samea Oka, are considered to be iso- 
tonically affected by the low salinity of the surrounding sea-water in 
Matsushima Bay in comparison with those shown by Chelyosoma siboja 
Oka. 

Microscopically it was found that free sulphuric acid is. contained in 
the cell sap of the Vesicular type cell, chiefly in such cells with a diameter 
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of 40-60 /^. These vesicular type cells morphologically show a striking 
resemblance to those in the blood of Chelyosoma siboja Oka (Ohuye 1935 
and Kobayashi 1933, 1938). 

In the blood of Ascidia mentula, Rapkin and Damboviceanu (1925) 
determined the cellular pH of the ascidian corpuscle, using bromphenol- 
blue and thymolblue, and by the microinjection technique. They observed 
that among certain types of the blood-cells, both the adipophore and the 
vesicular element are acid containers, showing a pH below 2.8. 

Other types of the blood-cells gave the higher pH value alkaline than 
pH 6.0, against the pH 8.1 of the sea-water, while the large vesicular 
cell or bladder-cells embedded in the tunic show an acid reaction indicat¬ 
ing a pH nearly 2.0. 

In the writer’s own experiment in Ascidia samea Oka by means of 
aethylviolet, it was found that the cellular pH in the cell-sap of the 
vesicular cell gave the value between pH 1.00-0.00, agreeing with a pH 
0.582 obtained by the electrometric method in the frozen corpuscle-fluid. 
This figure in pH in the cell-sap of the vesicular cell in Ascidia samea 
Oka shows resemblance to that in Chelyosoma siboja Oka (pH 0.38) 
(Kobayashi 1938). 

Anatomically the body-fluid presumably originates from a certain 
number of the blood-vessels distributed on the surface of the soft body- 
tissue, which is continuous to the anastomosing blood-channels in the 
cartilaginous test. 

Such anatomical connection through a large number of blood-vessels 
greatly differs from the connection through only one blood-sinus at the 
ventral side of the soft body in Chelyosoma siboja Oka (Kobayashi 1938). 

It may therefore be concluded that the chief source of the acid reac¬ 
tion in Ascidia samea Oka is due to the presence of free sulphuric acid 
accumulated in the cell sap of the vesicular type cells in the blood-fluid. 

Such a type* of the occurrence of the vesicular cell was reported by 
Webb (1939) in the European species, Ascidia aspersa AX\d Ascidia scahra 
and'by the present writer in Chelyosoma siboja Oka (Kobayashi 1933, 
1935 and 1938). 

But Ascidia samea Oka is different from the European species in the 
fact that there is no acid reaction in the test, and that it rather resembles 
that in Chelyosoma siboja Oka. 
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SUMMARY 

Ascidia samea Oka shows the acid reaction in the body-fluid which 
oozed out from the cartilaginous test, and the soft body-tissue. No acid- 
cellulai' element could be detected in the cartilaginous test. 

Vesicular cells of enormous volume and in multitudinous numbers, are 
found in the body-fluid of Ascidia samea Oka, and they closely resemble 
those in the blood of Chelyosoma siboja Oka. Sulphuric acid is accumlated 
in the cell sap of the vesicular type cell which reaches or pH 0.528. 

The acid concentration in the vesicular cell-sap in Ascidia samea Oka 
is affected by the low salinity in the surrounding sea-water of Matsushima 
Bay. 

Anatomically a certain number of the blood-vessels distributed over 
the whole surface of the soft body, connect both the test and the soft 
body. ^ 

The acid reaction in Ascidia samea Oka, seems chiefly due to the 
presence of sulphuric acid in the vesicular type cell contained in the 
body-fluid (presumably the blood). 

The occurrence of acid reaction of a type similar to that in Ascidia 
samea Oka is found in the European species, Ascidia aspersa and Ascidia 
scabra (Webb 1939). But there is acid reaction in the tests of these two 
European species, which in this point differ from Ascidia samea Oka, 
the latter more closely resembling Chelyosoma siboja Oka. 
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RELATIVE GROWTH OF THE CRAB, SESARMA 
(HOLOMETOPUS) DEHAANI M. EDWARDS 


Bv 

Ikuso Hamai 

h'dst Asm Sttrugfuini, T/)ky6 
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l^TUHO HiRAI 

Hidln^cdl Justliute, Tohoku Imprridl (fiiiversity, Sendai 

With i T^‘\t-fi^fiir(‘s 
K(‘r(‘ive(l June 7, 1910 

Up to the [)resent time, much information has been ^^jathered regard¬ 
ing the relative growth of Oustacea, and some interesting facts have 
been disclosed with special reference to growth gradient and to sex 
phenomena. From thes(' data the nature and features of growth have 
been discussed. Many of these investigations are analysed by the method 
of the application of the allometnc formula. This method is certainly 
effective in the analysis of relative g/owth in some cases, but it is diHicult 
to apply in the study of ('rustacea, as it is liable to be inaccurate in the 
observations of moultings and in the determinations of instars of which 
size-measurements were to be made. This fact has been pointed ou by 
Hamai (1937) with regard to other animal groups, c. g. Mollusca, in which 
the age of the animals is an important factor in th(? analysis of relative* 
grow'th bc'sides the size of the cr(*atures, as in the case of the* moulting 
in Crustacea. 

The present investigation constitutes an addition to our knowledge of 
the relative growth and sex dimorphism in ( rustacea, examining the 
correlation between the relative growth and the moultings, as a brief 
note previous to further detailed investigations. Accordingly, the growth 
of the carapace has been discussed, and the body-growth as well as that 
of the abdomen and the chela hav(* been observed for the sexual differences. 

Before proceeding further, the writers wish to express their sincerest 
thanks to Frof. K. Nomura for his cordial guidance in the course of this 
investigation, to Assistant Frof. I. Motomura for his kindness m reading 
the manuscript, and to Dr. T. SaKai who willingly identified the species. 
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MAIKUIAI. AND MKIHOD 

Sesarrnn [Holometopus) dehaani is a common crab in shallow fresh 
water in Japan. The material specimens wer(‘ collected in July ‘"^nd Auj^ust 
flurin^ which time they ar(‘ in the reproductive period, Irom th(' paddy 
fields of Dotahuti and th(‘ neighbouring region in Isinornaki. 

Mt'asurennmts weia' made of specimens presta’ved in a solution 

of alcohol. Kour lim^ar dimensions were' measurcal : 1) th(‘ (‘arapac('- 

width, 2) the carapace-hmgtb the distance from the end of th(‘ fiontal 
lobe to the posterior end of the intestinal region, J) the abdomen-v\idth 
the greatest width of the third abdominal segment, which shows most 
remarkable differences in the two sexes, and 1) the chela-length th(‘ 
maximum length of the propodite of th(‘ right chela. The right and 
left chela are almost the sam(‘ size. 



1. Photograph of mature Srsurma Holornclofnis (Irhdtini. Rifilit: male, 
and left: female. xA 

The total number of specimens examined w(*re Three s(‘ts of 

measurements, viz. the carapace-width and the carapace-length, tfie carapact*- 
width and the abdomen-width, and the carapace-width and the chela-length, 
were respectively made independently in both sexes. Accordingly, 18 75 
individuals were used in the calculation of each of six sets. The method 
of the calculation is that of the least squares in the logarithms of respec- 
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tive measurements in the equation of the allometry, loplo^ t 6. 
in which x is th(' carapace-width as the standard, and ?/ another dimension 
comparable with o' and b beinp the constants represontinp th(‘ equili¬ 
brium constant of relative prowth or the differential growth ratio (l IliXLKY 
and rElssiEH, 193b) an(J tlie local index (Hamai, 1939) respc'ctiv(dy, 
plotting individually th(‘se measurements. Th(.‘ t)iobai>l(‘ en’ors of (y and 
log/> w(‘re also (‘alculatc'd. 


RESULTS 

In male crabs th(‘ log-log plots of the respective set of measurements 
show br(\'iks and discontinuity of th(‘ stj*aight lin(‘ at about 1() mm. carapace- 
width. Then, two stages of growth are seemingly distinguishable (Table' 1 
and Fig. 2). 


3'abi.e I 

Values of tr and log h 



S(aK<' 


t 



T 

r -L 

V 

P.K. 





No. , 


No 



1 ^ 

l.(U7 

±0.013 


1.073 

+ 0.009 

-0.02(> iO.OlC) 

1 .0 





1 IS , 


.7.3 


C'arapace- 

1 giuoa 

± 0.012S 


1 .s(;.3r) + 0.0120 

0.0.308 + 0.0177 

2.1 



1 .0K7 

+ 0.01.7 




0.0,31 1 0.017 

2.0 


H 



1 ' 






1 .s\[)2 

+ 0.0201 

1 : 



-0.0-143 i 0.0231 

1 .9 



1 .O.'U) 

1 0.0.30 

! ! 

1 ..710 

! 0.023 

-(1.475 ±0.013 

J1 .0 


M. 



i 19 1 


27 



Al)d()m('n- 


1.5(i90 

1 0.03.79; 

1.2133 

■:i 0.02.78 

0.3.757 + 0.0142 

8.0 

widlh 


0.93K 

1 0.017 


1.020 

t 0.045 

-0.082 -l 0.018 

1 .7 


9 

.71 1 


30 




9okA 

1 , 

+ 0.0222 

1 1 

1.8030 

1 0.0015 

-0.1072 0.0051 

2.0 


■ (CX i 

1.199 

+ 0.031 ! 


1.1.77 

+ 0.013 

0.044 + 0.034 

1.3 


' I'' 

' 11()^< h 



19 1 


■48 



Chela- 

J.STSS 

+ 0.0.310 

1 1 

I..7728 + 0.0109 

0.0140 1 0.0.353 

0.4 

loiiKth 

' , 

1.449 

+ 0.020 

' 


i 

0.294 rt ().()24 

12.3 


- n 



.70; 






l\o^ h 

L3(;S2 + 0.027.7 I 




()..3040 + 0.032.3 

9.4 


The discontinuity of the allometric equation in the carat)ace-length width 
relation, which is shown between the smaller and large'r sizc'd groups of 
male crabs, is very slight, but it may be recognizable as a slight difference 
of variation which occurs at moulting. It must, however, b(‘ further in¬ 
vestigated by more obst'rvations. 

The abdomen-width appears to incTense at a lower rate of growth 
than the carapace-width above from the size of about 16 mm. in carapace- 
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width comparing with the specimens below this size. But the difference 
of the two stages is statistically insignificant, and they are necessarily 
considered as a simple allometry in combining the two, or rather con¬ 
sidered as isometrical. 


6 7 8 9 10 15 20 25 30 35 40mm 7 H 9 10 15 20 25 30 35 



log Catapace-width 


PiK- 2. I'he log'lo^: plots of the mean of logarithms of various dimensions. 
( ' ('arapace-length, f chela-length, a abdomen-width. 


The chela-length of the male crabs and the abdomen-width of the 
females begin to show a different growth-ratio distinctly after a definite 
size has been attained, viz. in the male chela a higher ratio is attained 
at the size of about 16 mm. carapace-width, and in the female abdomen 
the intensive allometry of the smaller sized crabs lowers until an isometric 
ratio almost parallel with that of the carapace-length after about 20 mm. 
carapace-width has been reached (Tables 2 and 3). 

In the younger stage of the female, the carapace, abdomen, and the 
chela respectively increase with different growth intensity. The abdomen 
shows particularly the highest allometry, and accordingly the width of 
abdomen which was smaller than the chela-length in the crabs below 
10 mm. in carapace-width, increases and becomes larger than the chela- 
length after the attainment of the size of about 10 mm. in carapace-width, 
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Tab EE 2 

Differences of ct and lo^ b between the variovs parts in the males 




C'arapace-length 

Ahdorneii-vvi'Ith 

( diela-length 

Carapace- 

Icnglh 

Differences of a 

i lo^ 

O.m) 1 0.020 

0.0811 p 0.0238' 

0.t)08 ±0,038 

0.3313. t 0.0381 

0.172 ±0.034 

0.3115 ± 0.0.335 

Abdomcn- 

widtb 

Differences of a 

.. lop' /> 

0.140 0:0.023 

0.1234 ±0.0290 

0.007 i O.OlO 

0.1308 3 0.0422 

0.104 3 0.057 

0.0102 3 0.0174 

Chcla- 

Icnfith 

j Differ <^| a 
; .. }ok/> 

0.3G2 ±0.025 

0.5510 ± 0.0341 

• 0.511 ±0.020 

0.427(; j 0.0353 

0.250 3 0.037 

0.2000 3 O.OD 1 

The 

the diffe 

show the 
b(*low th 

fiKures in tin* reclungles enclosed by thi* thick lines on th 
nances l>etw(*cn the youn^'er and oldf‘r sta^^es, thosi* alcove 
; differc'nces hetween the various parts in the younK<'i' stu}^(\ 
is diagonal ar(' of those m the older stage. 

f' di.igonal are 
this diagonal 
and the figui'C's 


Tabee 3 

Differences of various a and logh in the females 


1 

Carapa(-(‘-h*nglh 

Alxloinen-widih 

('hela-lengi h 

CarapacO' 

Icn^ifth 

Differenci's of a 

log ft 

1 

0.-157 ±0.025 

0.0.502 ± 0.0285 i 

0.102 ±0.010 

0.2907 i 0.O207 

Abdomen- 

width 

Differences of a 

log ft 

0.033 ±0.040 

0.(KK)5± 0.0027 

0.400 ±0.051 

0.0197 ±0.(Kiti7 

0.355 ±0.020 

0.3505 ± 0.0308 

Chela- 

lenKlh 

! Differences of a 

log ft 

1 1 

0.1H5 +0.017 

o.29o;i + o.o();s.s 



This table is also constructed in th(‘ sani<‘ manner as Table* 2 


viz. during the changes of the chela-length from 5\^^o to of the 

carat)ace-width, the abdomen-width increases from to 11 I he 

male abdomen is isometric and the difference between the two s(‘xes is 
very remarkable in the younger stage. The relative width of the female 
abdomen is larger than that of the males also in smaller crabs. 

The chela-length is, in both sexes, almost similar in size relative to 
the carapace-length during the younger stage, and shows, then, an almost 
similar relation in relative growth, but in the older stage the chela of the 
male obtains an intensive allometry showing a secondary sexual character, 
and finally becomes greater than that of the female. As the result of 
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this intensive allometry, the male eh(*la develops fmally to the same size 
as the carapace-length or m()r(% viz. the male chela-length is of 

th(' carapace-width at the size of Ihmm. in carapace-width, whih' the 
carapace-length is of the carapace-width at that size, and after the 

growth, the [)roportion of the chela at the size of 38.0 mm. carapace- 
width increase's up to of tha width of carapace over the carapace- 

length, which is, almost e'qual to the* former proportion, at that size. 

The carai)ac(' does not show any significant difference's in the sexes 
throughout either the younger or e)ld(‘r stages, and the relative sizes are 
also almost similar in both sexes. 'Vhe changes of the* form of the 
carapace an*, then, very simple l)e)th in the male's and the fe'males, excej)t 
for the slight discontinuity of the* male cral)s in the h'ngth-width relation 
of the carapace. The gre)wth e)f the carapace is isometric or slightly 
positively allometric in both se*xes. 

DISta'SSIONS 

In the investigations e)f the gre)wth of Crustae-ea, the size at me)ulting 
and the numbe'r of moults are necessarily important. But for these* 
observations, e*onfusion wa)uld e)ccur in the de*te*rmination e)f allometry and 
elirectie)n of size-variation, as pointed out by JIamai (1937, ’38) with regard 
to the Molluscan shells in which the age and the variation of size have 
been considered. Teissikk (1933) has also distinguished the relative 
growth and the trend of variability in size as “ dysharmonie de croissance ” 
and ‘‘dysharmonie (le taille ” re'spectively. He has considered that by the 
break and discontinuity of the relative* growth curve the existence of the 
growth stage can be detected, and in each growth stage, the growth is 
continuous. The critical point dividing two growth stages is supposed to 
occur with the changes of equilibria in internal secretion or humoral 
correlation. Hiixli:y (1932) has also discussed interesting problems on 
the allometry and moulting. 

Nkkdiiam (1937) has discussed the accuracy of the rhythmic change 
of a stating as follows : “ It is not a question of a mere moulting effect 
in the case of Ascllus. In the first place, moulting occurs more frequently 
than the number of waves in the graph of ; secondly, individual dif¬ 
ferences in the time of moulting would obscure any such effects on a 
grajjh of grouped data, or (*ven on a graph of individuals In such a 
case, confusion between the relative growth and the trend of variability 
may not occur. But in the cases when the number of moultings is small 
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and the variation in si/e is lar^o, it is ciuit(‘ i)ossi[)le that confusion may 
occur. 

In the present case, rnoultin^s have not been observed, but, because 
the frequency polygon of th(‘ carapace-width shows multi-modality, and is 
bimodal in the neighbouring region of the breaking point which divides 
the relative' growth curve into two stages, viz. the' younge'r anel older 
stages, eae'h stage accordingly extends ove'r two or more inslars ae'eairale'Iy. 
Anv alle)metric equations in Sesanna show, then, the' relative' gre)wtb but 
not the trend e)f size-variability e)r “ elysharmonie ele taille' Pali.ian 
(]9db) has proved in Eupap:t(rus pridrauxii the discontinuity in the right 
claw' of the' males by the fae-t that in the neighbouring legion e)f this 
discontinuity the freejuency ]>olygons of the claw are clearl\' bimodal. In 
this case the' re'lative growth may be' distinguishe'd fre)m the trend (){ 
variability. 



Ei^. 3. Frequency polygons of the cara})nce-vviflth. 

Gray and Nevvcombi-: (1938 a) have studied the relative growth e)f 
Callinectes sapidiLs expressing the dimensie)nal relations by the' etiuation, 
y^mx + b, where x and y are the comparable elimensions and m and h 
are the constants. In their case, as the' constant h in this equatie)n is 
not zero, the relative growth is allometric. The data given by them can 
be accurately enough de.scribed by the allometric equation. The considera¬ 
tion by the latter equation might be rather more effective than the former 
in comparing the relative growth ratio. Here, what is arising in the 

question, is not dyjdx, but, indeed, • Referring to their obser¬ 

vations on moultings (1938 b), we have analysed their data as follows 
(Tables 4 and 5). 
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Table 4 

Relative Growth of Callinecteus sapidus {Male) 


Growth stago ; 

Mean 

Mean 

1 Calculated: 

1 


and tho con- ! 
slants of 

carapace- 

width 

carapace- 

length 

! carapace- ( 
length 1 

Difference; 

Remarks 

allornetry 

(mm.) 

(mm.) 

i (’mm.) 



: 

:L5..55 

17.6H 

' 17.H3 

0.15 


1 I 

45.20 

22.40 

; 22..32 1 

-0.08 


a==0.9;W8 ' 

54.49 

05.59 

26.,50 

51 .72 

26.53 

31.44 

0.03 

-0.28 

Including 4 instara at least. 

log 6- 1.H0759 ; 

74.28 

35.29 

; 35.40 

O.ll 


85..55 

40.12 

' 40.28 

1 

0.16 



95.71 

1 44.21 

43.86 1 

-0.35 


" 1 

log 6=1.81711 

104.01 

115.31 

125.29 

134.37 

48.25 

52.71 

57.91 

i 60.22 

’ -18.56 ! 

1 53.14 1 

! .57.,38 ! 

' 61.22 i 

0.31 

0.43 

-0.53 

1.00 

Including 2 instars at least. 
Sexual maturity occurs at the 
beginning of this stage. 


145.72 

65..55 

1 (H.f^) i 

1 

- 0.75 





j 

i 

1 

1 

Including 2 instars at least. 
Gray and Nrwcomhf,( 1938b) 
have estimated that as the 

III 

a_0.74S25 

log 6■-0.19507 

134.37 

145.72 

1,54.49 

103.71 

174.68 

i (>0.22 
' 65..35 

67.77 
71.42 
73.97 

61.32 1 

1 r>4.04 1 

68.06 1 
71.08 ' 

74.62 1 

1.10 

-1.31 ; 

0.29 : 

-0.34 
0.(>5 

result of moulting, the cara¬ 
pace-width increases from 
126.5 to 155 mm. and from 
155 to 184 mxn. in the spei'i- 
mens with the initial width 
20 mm., and from 135 to 164 




1 

1 

mm. and 164 to 195 mm. in 
the s{>ecimens with the initial 
width 80 mm. 


As shown in Tables 4 and 5, during the first and second stages the 
values of cx do not indicate any very significant differences, but during 
the second stage the sizes of the carapace-length in the females are slightly 
smaller than in the males. In the third stage too, the v^llues of a are 
almost similar in both sexes, but the percentages of the carapace-length 
compared with the carapace-width are lower in the females than in the 
males. In both sexes, the significant drop occurs in the ratio of relative 
growth rates from 0.93 to 0.75 in male crabs and from 0.90-0.94 to 0.73 
in the females. Gray and Newcombe (1938 a) have stated that in the 
width range below 140 mm. a close parallelism exists between the males 
and the females with respect to the length-width and the eye-to-spine-width 
relations. This conclusion generally coincides with that of our analysis. 
They have further concluded that above this point, marked variation occurs. 
In the case of the females, two distinct relations obtain when the length 
is compared with the width and the eye-to-spine variables. The break 
occurs at about the 140 mm. point, the average width at which they 
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Table 5 

Relative Growth of Callinectes snpidtts (Female) 


(growth stage 

Mean 

Mean 

Calculated 



and the con- 1 
stants of 

irupare- 

width 

carapace- 

length 

carapace- 

lenglh 

Difference 

, Remarks 

allonietry 

! mm.^ 

fmm ) 

(mm.) 




36.60 

18..37 

18.57 

0.20 


T 

45.34 

22.48 

22.51 ' 

0.03 


a-0.H9HH2 

55.29 

27.0.5 

26.90 

-0.15 

Including -t instars at least. 

64.95 

31.13 

31.09 , 

-0.01 

log/>-1.86343 

74.48 

35.10 

35.16 ' 

0.06 



8^t.30 

39.19 

39.30 

0.11 


II 

94.:44 

42.6(1 

t2..59 

-0.01 


104.66 ; 

47.25 

16.95 1 

0.30 


a-. 0.94002 j 

113.76 

50.13 , 

50.78 i 

0.65 

Including 2 instars at least. 

log b — 1.77305 

124.72 

132.71 

55.-U ' 
58.98 

55.37 

58.70 

0.07 ' 

-0.28 

[ 





Gray and Newcombe (1938h) 
liave estimated that as the 
result of moulting, the cara- 


121.72 1 

55. 14 

55.17 , 

0.03 : 

pac(*-\vidth increases from 114 

III 

132.71 I 

58.98 

58.06 

-0.92 

to 157 mm, in the .spec imen 

0^0.73197 

Iok6--0.203(;1 

1145.34 

60.59 

(^2.07 i 

1.18) ' 

with the initial width 20 mm. 

1155.10 1 

61.82 ■ 

65.11 

0.291 a 
-0.331 ^ 

and from 108 to 149 mm. in 

1165.12 

68.51 ' 

(S8.18 

the specimens with the initial 

.172.71 

70.71 

70.17 . 

-0.271 

width 80 mm. Including 2 


instars or 2 at most. ^ Ma- 
tur(' stage with only one in- 
star. 


become mature. In male specimens, increase in width is accom[)anied by a 
proportionate increase in the other dimensions. However, in our opinion, 
the distinct drop in the relative growth ratio occurs in “ both sexes, 
and the drop in the females occurs at the moulting of maturation. The 
formula, L =^7.111-f 0.370 W, which has been given by Gray and Nkw- 
COMBE to the specimens above the 140 mm. carapace-width, shows only 
the trend of variability or dysharmonie de taille On the other hand, 
or —0,73 here calculated indicates the relative growth ratio from premature 
to mature, approximately. Guay and Newcombe (1938 b) have considered 
that at the initial width of about 89 mm., sexual maturity occurs in the 
males. This occurrence is recognizable as a slight decrease of from 
the first (premature) stage to the second (mature) stage (F'ig. 4). Thus, 
although the allometric equation is merely an approximation (Hamai, 1937), 
it is clearly effective in cases where the other facts are evident. Further 
evidences have been given by Anderson, Lumer and Zupancu: (1937) 
and Weymouth and MacKay (1936). 
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Carapace-width in mm . 

40 FiO 60 70 HO 90 100 120 140 160 180 



data of Gr^y and NfavcomhI'. (1938 a . 


Andkrson, Lumkr and Zupanck’ (19d7) have observed that the 
absolute growth of Daphnia pulcx Iraa^s an S-shaped cui-ve in relation to 
instars, and MacKay and Wkymoiith (1935) have also observed this fact 
in Cancer magisler. The allometric curve, then, necessarily breaks at 
several points. In fact, Dawes and Huxlry (1934) have indicated the 
progressive changes of allometry from c*'—1.99 to 0.17 in the crusher, 
and from 1.31 to 1.49 and further from this to 0.59 in the nipper in the 
male chelae of Alpheus dentipes. Andehson, Lumeh and Zufancic (1937) 
and Weymouth and MacKay (1934, '36) have successfully dt‘termined 
the relative growth by the method of applying the allometric equation 
togeth(‘r with considerations of life history or growth in relation to instars. 

According to Weymouth and MacKay (1936), the log-log plot of 
various dimensions does not fit a straight line, but indicates a continuous 
curve, some parts of this curve being however approximately a straight 
line. Accordingly, they have mentioned that the size of the male crabs 
at which sexual maturity occurs is inconclusive for Cancer maginter, on 
account of there being no data regarding life-history. Hamai (1937) has 
shown that the relative growth ratio continuously changes with age. It 
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is, then, eh^ar that a conclusion regarding critical points cannot be di*awn, 
if the observations of growth have not been made together with those of 
life history or physiological facts. In the prc'sent case of Sesnrvin some 
observations about sexual maturity in the bnnales and the variation in 
size have been made. 

The abdomen of the females of Sesarma covers only the V(‘ntr*al 
depia'ssed i)art of the cephalothorax when young, but it grows, during the 
younger stage, covering th(‘ ventral surface of the ce])halothorax, with an 
intensive' lelative growth ratio, and it attains to almost the same size as 
the v\ idth of the ventral surface'of the cephalothorax. dliis is comparable* 
with fe'male IJca, in which, while' the* allometry is initiated at the begin¬ 
ning e)f pe)stdarval life, a state e)f ee|uilibrium is eventually attained, when 
the lateral margins of the abele)men have* reached the* bases of the le'gs 
(Huxi.EV, 1932b and it is also e:omparable with Mnia squniado (Table b). 
Aft('r the attainme'nl of this size se'xuai maturity is re'ached. In fact, the 
smallest crab be'ai’ing eggs was 18 mm. m carapace'-width. d'he allometry 
of the sf)e'cime‘ns above abe)ut 29 mm. in carapace-width, viz. that of the 
old('r stage, is, then, that of sexual maturity, and the intensity of r('lative 
growth lowers from 1.5 of the young('r stage, to o--=1.0 (isom('try) of 
matu rity. 

riassrER (1935) has observ(Hl in Mata squinado three* stages of growth, 
of which the (irst stage shows 1.31, the second f*' ^1.27 and the third 
rr—].00, in the* abdomen wielth. 'Fhe last mentie)ne'd ratio is that of the* 
crabs w^hich have attained sexual maturity, which she)ws “ elysharmonie de* 
taille* I’hat is, after attainment of sexual maturity Mata squinado ele)e‘s 
not me)ult. Gray and NEVV(a>M!iE (1938 b) have also observe'd that the 
female blue crab, Callinectos sapidus. apparently does ne)t me)ult after 
reaching maturity. In Sesarma [Holotiwtopus] dt^Jiaani, howe'ver, after 
reaching sexual maturity one or more moultings seem to occur. Weymouih 
and MacKay (1934, '36) have shown that the sudden chang(' in the 
length-width proportions indicates that sexual maturity is usually attained 
by a single moult, and that abso several moultings occur after reaching 
maturity, in Cancer magistcr, I’he sudden change in the abdomen-width/ 
carapace-width r('lation in Sesarma (Holometopus) dchaani also indicates 
that sexual maturity is attained by a single moult. 

The present observations in the male Sesarvia may not give a clear 
conclusion regarding sexual mafuritv because of there bc'ing no other 
data except growth, but the significantly great change of ot: in the chela- 
length suggests the fact that the moulting of maturity occurs at about 
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Table 6 

Values of a in various species 


Species 

\ OL 

Reference 

CAKAPACE-LENr,TH/WIDTH RELATION 

Callincctes sapidus 

t 0.93—0.75 

0.90-0.94—0.73 

Calculated fiom Gray and 
Nkwc ombk’s data (1938 a). 

Cancer magitfter 

Both sexos (younK sp<^cimens) 
0.76—0.94 
t 0.94 

0.94 or more 

Wkymouth and MacKay 
(1936) 

Carcinus maenas 

about 1.0 

Huxlfy (19:12) 

Oeppode aegyptiaca 

t 1.04—1.12 aj?ain.st ante- 

1 rior width 

1 ^ 0.77—1,06 against jioste- 

rior width 

Sandon (1937), calculated 
from the rcv(‘rse relations. 

Cachygrapsus martnoratua 

al)out 1.0 

HrxLEY (1932) 

Semrma {Holometopus) 
drhaani 

t 1.0.S—l.Of) 

i -f 1.05 

Present paper 

Telmessun acutideas 

t 1.05 
•T U^9 

Urita (1936), calculated 
from the reverse relations. 

Telmessus cheiragonus 

t 1.06 

4- 1.06 

- 


t 1.04 

+ 1.0.5 

Sasaki (1928), calculattnl 
from the reverse relations. 

ABDOMEN WID'I H/CARAPACE-LENGTH 

RELATION 

Cancer magister 

6th segment ^ 1.02 

7th segment f 1.02 

4 ca. 1.2 

Weymouth and MacKay 
( 1936), calculated from the 
carapace length/width and 
abdominal seg./carapace 

width relations. 

Carcinus maenas 

unsexable and young 4 

1.26 

older 4 1.42 

i 1.07—0.94 

Huxley (1932) 


3rd seg. f 1.35—0.95 

4 1.33—1.08— 

1.29—1.08 

Day (1936) 


against V length X width 


Eriocheir japonicus 

5th seg. t 0.90 

4 1.84—1.74—1.02 

Calculated from the data 
given by Okada and Miya- 
8HITA (1935) 

Maia squinado 

4 1.34—1.27—1.00 

Teissier (1935) 

Sesarma (Holometopus) 
dchaani 

3rd seg. f 1.01—0.86 

4 1.43—0.97 

1 

Present paper, calculated 
from the carapace length/ 
width and the abdomen* 
width/carapace-width rela¬ 
tions. 





RELATIVE GROWTH OF SESAHMA 


381 


Speci(?s 


Refer^'nre 


Telmesaus cheiragonus 


t 2nd 

seg. 

1 

10 

3rd 

seg. 

1 

10 

4th 

seg. 

1 

14 

5th 

seg 

1 

n 

6th 

seg. 

1 

10 

7th 

seg. 

1 

00 

1 4 2nd 

seg. 

1 

.19 

3rd 

seg. 

1 

.23 

4th 

seg. 

1 

.32 

1 5th 

seg. 

1 

..31 

6th 

seg. 

1 

..36 

1 7th 

seg. 

1 

.15 


Sasaki i192H 


( HKLA LENGTH/CARAPACE LENGTH RELATION 


Alpheus dentipen 


Cancer mogiater 


Ericheir japonicus 
Maia aquinado 


Ocypoda aegyptiaca 


V propus width X propus thickntss 
^ crusher —<).47 

t nipp<T 1.49—0.59 


t nipp<T 
propus t 


1.07—1.14 

1.0 


Dawes atid Huxley (1934; 


Weymouth aud Mac Kay 
(.1930) 

(’alculated from Okada and 
MfYAsniTA’s data 1935) 


propodite t 1.10^—1.35—1.90 Teissiek 1935 
-f 1.(^9—1.16—1.15 


t large cheU (ventral) 


ScBarmo {Holometopus) 
dehaani 


Telmeasus cheiragonus propodite right 


right t 9.91^ 
4- 0.97 
left t 1-00 
4 0.98 


Upogehia littoralis 


1.37—1.13 

1.05-0.90 


Sandon (1937) 


1st seg. 


0.8.5—1.31 

2nd seg. 


1.20-1.46 

3rd seg. 


1.21 — 1.23 

4th seg. 


1.0.3—0.89 

5th seg. 


1.40—1.:. 2 

6tli seg. 


1.04—1.05 

7th seg. 


1.08-1.05 

^ small c 

Tela (ventral) 

1st seg. 


1.0,5—1.15 

2nd seg. 


0.91-1.33 

3rd seg. 


0.96-1.18 

4th seg. 


0.86—0.90 

5th seg. 


1.31 — 1.29 

6th seg. 


1.00—0.99 

7th .seg. 


0.97—0.93 

propodite 


1.17—1.33 


4- 

1.10 


Present paper, calculated 
from the c arapuce Ic'ngth/ 
width and chela-length/ 
carapace-width nOations. 

Sasaki (1928) 


Huxley (1932^ 
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16 mm. or more in carapaa^-width. Regarding th(‘ relativ(‘growth of the 
chela, Teissier {1985) has given the values of (r against the carapace- 
length as follows: in Maia squinado, at the first stage, f^^^l.lO, at the 
second stag(', 1.85, and at the third stage, 1.90. In Cancer mafdsU^, 
in the first stage, ^r—l.O?, and in the second stage, 1.14, against the 
carapace-width (Weymoi th and ]\1acKay, 1936) ; in Ocypoda ne^ptiaca, 
in th(‘ larg(' (‘hela, of th(‘ tirst s(‘gm(mt is 1.10^1.51, that of the fourth 
segment is 1.05^1.31, and in the small ch(‘la, the first s('gment has cz~ 
1.06^ 1.40, th(‘ s(‘cond segnn'nt 0.99^1.61, the third se^gment 1.00^1.68, 
the fourth 0.89^1.16, and the sixth 0.99-^1.16 against the anterior width 
of carapace. Values of (r aboxa^ mention(‘d all indicate th(» rise, viz. the 
changes incr(‘asing the relative growth intensity from th(' young(‘r stage 
to the old(T, as s(*(‘n in the pr(‘sent case. High positive allometry aild 
rise of cr in mal(‘ chela would be a general tendency when reaching 
maturity (Table 6). 

The high growth intensity is maintainc'd by the chela in comparison 
with th(‘ slight allometry or i.sometry of the abdomen in male Sesarrna 
throughout the younger and older stages. In the females, whil(‘ the chela 
indicates a weak positive allometry throughout all the stages, the abdomen 
grows very rapidly during the immatuie stage. As th(‘ result of these 
growth f(\'itures, the femai(‘ crabs obtain harmonious proportions of various 
{larls at the oldiu’ stage of their existence, whih‘ the mal(\s gradually lose 
harmonious proiiortions as they grow older (Table 2 and 3). Guay and 
Nevvcomhe (1938 a) consider that the (*arapace-length constitutes a better 
standard-index of siz(^ than the chela-length, th(^ eye-to-spine-width or the 
carapace-width in Callinectes sapidus. In Scsanna (Holoinctopus) dehaani, 
the carapace-length and the carapace-width seem to be of a similar value 
as the standard-index of size and ot growth. 

SUMMARY 

1) 'Fhf* four dimensions, viz. the carapace-width, the carapace-length, 
the width of the third abdominal ^egnumt, and the propus-length of the 
right chela wen' measured ; and the carapace-width having taken as the 
standard, the relative growth of each part has been discussed. 

2) Two stages of growth are distinguishable, with the critical points 
at about 16 mm. carapace-width in the males, and at about 20 mm. carapace- 
width in the females. 

3) The abdomen-width in female crabs shows a high positive allometry 
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in the youj^er stage, hut, entering the old(‘r stage, becomes parallel with 
the slight allometry or isornc'try of the other dimensions. 

4) The female crabs attain sexual maturity at the size of about 20 
mm. in car a pace-width. 

5) The male chela intensifies its positive' allom(‘try on entering the 
older’ stage, and becomes finally of the same size or more as the car’afrace- 
hmgth. On the other hand, the (‘arapace-iength and th(' abdomen-width 
in the males are slightly allom(‘tric or isomt'tric. 

Cl) The analytir’al method of relative' growth by mc'ans of the allorru'tric 
erpration has been discussed, where the dimensional allometry is in question. 
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of lime it appears in great abundance, as the decaying plankton affords 
favorable culture-media for this organism. Such rapid multiplication seems 
to be usual in some protozoan species, and in most cases this phenomenon 
is accompanied by chemical changes in the water such as decrease of 
the pH and dissolved oxygen, these changes du(‘ probably to the d(‘com- 
position of organic matter caused^ by bacteria. Besides bacteria, h(nvever, 
saprozoic forms or bacterial bmders subsequently appeal’ and, (inallv, 
dominate the Diatoms in the contaiiKT, suggcvsting th(‘ production of 
nitrite and nitrate from organic nitrogen comp{)unds. 

In the present article the apjiearance of Cyclidium sp. in putrefying 
s(^a-water was particularly studied as a problem. Nocand (192r)t, Mc)1u;an 
(1926), Finley (1930), Lackey (1936, 1938), Okada and other (1939), 
and LJemuka (1939) studied the ecology of CycUdium glaucoma, from 
different habitats. From this fact it can be n(ged that Cylidium is a 
resistant form, capable of adjusting itself to and tolerating environmental 
changes to some extcmt. 

I'he present brief observations w(‘re carric'd out with the object of 
studying the range of changes in the pH and salinit of the uK'dium in 
which Cyclidium lives and multiplies. 

Taking this opportunity 1 wish to expr(‘ss my hearty thanks to Dr. 
S. Kokcho who suggested the problem and directed the work. I'hanks 
are also due to IVof. S. Hozawa, Director of our station, under whose 
supervision th(' present investigation was made. 

MATERIAL AND METHODS 

After tlioroghly mixing a large* quantity of fresh plankton with a 
certain amount of sea-water, a definite volume of it was poured in several 
flasks (Erlenmeyer, 300 c.c. in capacity) a set of which, after being adjust(‘d 
to a desired pH and salinity according to the following procedures, was 
kept in the laboratory. Within a few days, Cyclidium appeared in th(‘ 
media of suitable pH and salinity, accompanied by an increas(‘ of bacteria, 
which caused the upper layer of mtxlia to become gradually opaqm*. 
To ascertain the appearance of Cyclidium, a few drops of sea-waten*, 
taken from the surface and from the bottom of the flask once a day, 
were observed qualitatively under the* microscope. Thus, the ranges of 
the pH and salinity of medium where the multiplication of Cyclidium 
took place were determined, and also, the time required for the appearance 
of Cyclidium and the duration of its survival wer(‘ noted. During the 
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observation the changes in the pH of the medium were recorded by 
means of the indicator method. 

To regulate the pH of sea-water, buffer-solution with an adequate pH 
was added drop by drop to the lOc.c. of sea-water until the latter showed 
a desired pH. From the amount of buffer-solution needed in doing this, 
the pH of any large quantity of sea-water could be regulated by calcu¬ 
lation. Observations were made at each pH value of 2.2, 2.6, 3.0, 3.6, 
4.0, 4.6, 5.0, 5.8, 6.6, 7.0, 7.8, 8.2, 8.8, and 9.4. These pH valutas were 
regulated by addition of one of the following buffer-solutions to sea-water : 
— citrate-HCl (pH 1.2, 2.0, 3.0, 4.0, .5.0 and 6.0), phosphate-phosphate 
(pH 7.0), borate-HCl (pH 8.0) and borate-NaOH (pH 9.0 and 10.0). 
For the alkaline-range with the pH higher than 9.1 (Exp. 2) the regula¬ 
tion was made by adding NaOH solution of pH ca. 11.0, which was 
made by mixing cone. NaOH with sea-water and removing the resulting 
precipitate of magnesium hydroxide. As the pH of sea-water thus regulated 
tended to change with time, a proper amount of buffer-solution was added 
once a day to maintain the initial pH. 

In the experiments relating to the salinity, distilled water, conden.sed 
sea-water and the hypertonic saline solution of vant’t Hoff were used to 
obtain various concentrations of sea-water. To prepare sea-water of low 
salinity, natural sea-water was diluted with distilled water, while sea-water 
with high salinity was prepared by adding an ade(]uate quantity of cc)n- 
densed sea-water or van’t Hoff’s solution to natural sea-water. The salinity 
of the sea-water used was accurately calculated from the chlorinity de¬ 
termined by Mohl’s method. Thus, experiments were carried out with 
sea-water of various salinity, ranging from 1.3 to 9().3)^o. 

Concerning the development of Cyclidium in relation to its heat- 
resistance, only one experiment was carried out. In this case tht‘ flask 
containing plankton was kept for one hour in the thermostat at a definite 
temperature. Then, the flask was taken out and placed in the laboratory 
at room-temperature, and the limit of high temperature which Cyclidium 
could not survive, was roughly determined. The temperatures examined 
were 29°, 32.5°, 35°, 38.5°, 40”, 45°, 51.5’, 58’, and 69 (:. 

The present observations were made during the period of four months 
from April to July, 1938. In the course of the experiments, the room- 
temperature showed marked fluctuations (Max. 29.2°-Min. 13.4‘(..), and 
plankton material used as the source of organisms in the flask also varied 
in quantity as well as in species. But differences in these factors seemed 
to have no great effect on the appearance and growth of Cyclidium. 
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I*: X PE RIM EN TAL R ES11 LI'S 

Observation 1. Apfx'aranee of Cyclidium related to 
the pH of sea-wat(‘r. 

As is shown in 3'ahle 1, tlie ranges of pH, in which Cifclidium (‘ould 
liv(' and multiply, were from pH 5.8 to 9.8, but it extended from initial 
pH 5.0 to 9.8, when daily changes in th(‘ pH were admitted. In those 
ranges Cyclidium was found aft(‘r 2 to t days, and it multiplied rat)idly 
and could liv(‘ activ(‘ly for a long period. l"he duration of survival varied 
with the pH, generally lasting longcT than 2 weeks. 
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Tfu’ pH and the mode of appearance of Cyclidium. The result will 
b(‘ descril)ed only of represerKative exi)erim(mts (Table 1). In Experiment 
1, it was found that within one day after the experiment was started the 
plankton scuttled down on the [bottom of the flask, its colour being brown 
at first, but later, on account of partial d(‘Colorisation, becoming yellowish- 
white in acid media, and yellowish-browm in neutral and alkaline media, 
' the colour-tint increasing with the pH of the media. After one or two 
days, the water became gradually turbid, and micro organisms appeared 
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in the flasks with th(‘ initial pH of 0 . 8 - 8 . 8 , l)ul no Cyclidiurn as yet 
appearing. Cydidinm was first founrl in th(‘ flasks of pH 7.0 and also 
in the control-flask at th(' end of two days. On th(‘ next day, the flasks 
of pH 0.0 and 8.2, and after four days all the flasks (pH 0.8 to 9.1) 
showed the jiresence of CycUdium, which iminefliately increased rapidly 
in numlrer. In the flasks of pH h.O and helow, no Cyclidiiun was found 
during the lonj^ period of ol)s(‘rvation, although hadeu'ia (le\eloi)ed in 
th(‘se low values of j)!!. ddie lowest limit for the apptauance of Cijcli- 
diurn was f)H 0.8 in Experiment 1, hut in another exf)eriment, in which 
daily r'egulation of pH was not made, it was o.O, showing lh(‘ t(‘ndency 
that, with the lapse of time, th(‘ media with initial pH of 0.8 and h(‘low 
showT'd an incrc'ase of pH, whih* those with initial pH 7.8 and above 
showed a rapid decrease^ of pH. With such I'apid aptx'aiancc' of Cyrli- 
dinm, tln^ turbidity and odour of th(^ sea-wat(T increased, (‘specially (‘mitting 
th<‘ odour of H^S from th(* flasks of pH 7.8, 8.2 and from th(‘. control- 
flask in which the plankton became gr(‘enish black. Thus Cyclidiurn 
multitrlied rajridly for a few days, but soon tended to IxH'ome gradually 
small in size, less active and decreasing in number, at last resulting in 
extinc'tion. d'he duration of the survival of Cyclidiurn in the flasks was 
g(‘nerallv about two weeks or more, though it varied slightly with i)H, 
and from this time onwards the water became clear and th(‘ odour 
vanished owdng to th(‘ s(‘lf-f)urification action of s('a-waler. 

In Experiment 2, wh(Te the (hrsired pH of s('a-water was mad(' by 
adding NaOH-sea-waiter solution, Cyclidiurn wt\s found in the flasks of 
pH 8.2 9.d after two days, and in the flask of pH 9.8 aftcu- four days. 
Moreover, the duration of survival was longer than two wecEs as in the 
results of Experiment E In Experiment 2, it is noteworthy that th(‘ {)H 
in all flasks .showod remarkable changes, wliich had nev(‘r been seen in 
Experiment 1. For example, the pH 9.8, limit for appearance of the* 
organism in the alkaline range, f(‘ll to pH 7..2 and evam so high a pH 
as 10.2, in which no Cyclidiurn were found, fell rapidly to pH 7.7, after 
one day, and it further decreased with th(' lapse of time. This was 
caused probably by the acidity due to COo, which wais produced by 
micro-organisms. 

pH-hehavior. As was already found in Exp. 1 and 2, the change of 
pH caused by the metabolism of living organisms was unavoidable even 
in the sea-water whose pH was daily regulated to maintain the initial pH. 
When daily regulation was not made, the pH-change of natural sea-water 
was very regular. Table 2 and Figure 2 show thc^ results of experiments 
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for a period of 25 days, which were carried out in order to observe the 
pH change of the medium in Hasks (A), (B), (C) and (D), containing 
98 46 23 and 5"/i volumes of plankton respectively. 


Table 2 


Experiment 4 


Volum(‘ of plankton 
93.% fA) I 40% (H) 23% f 

pH ('vcl. ! pH Cycl. pH ( 


93% plankton 


lime in days 

Ki^. 2, Curves showing the relation between the quantity of plankton and the 
hange of pH. 
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Looking at the table and the figure, ont^ will note that the course of 
the pH change in sea-water was almost similar in each case, and could 
be divided into the following four stages. 

In the first stage, the acidity of the water rose, i, e. the pH rapidly 
fell to the lowest value. Though this pH varied according to the quantity 
of plankton present it was 6.4., in A, 6.5 in B, 6.8-, in C and 7.6^ in I). 
The lowest pH was attained within two days except in D. Bacteria but 
no Cyclidium was found in this stage. 

Following the lowest pH or turning point, the second stage began. 
In this stage, the pH rapidly rose to neutrality and then gradually be¬ 
came alkaline. The rate of increase in pH and the period of this stage 
varied according to the quantity of plankton present. Cyclidium, as well 
as other organisms, began to appear at the end of the first stage and 
at the beginning of the second stage, and at the same time, the water 
became turbid and emitted a putrescent odour. Cyclidiuin and bacteria, 
which increased enormously in number and were very active from the 
beginning to the middle of this stage, tended to flecline from the end of 
this stage. 

In the third stage, where the multiplication of diatoms such as Navicula 
and Nitzschia took place, the pH rose rapidly to th(‘ maximum, probably 
due to the decrease of CO> owing to its consumption in the photosynthesis 
by diatoms. The maximum pH was observed to be 9.4 on the 25th in 
A, 9.5 on the 20th in B, and on the 18th in C, and 9.2 on the Mth 
day in D respectively after the experiment was started. During the 
period of this stage, the putrescent odour gradually diminished and the 
water became clear. Cyclidium was absent or scarcely present. 

In the fourth stage, the pH again fell rapidly. Cyclidium was still 
found in the sea-water containing a large amount of plankton as in A, 
but it completely disappeared in B, C and D. The water became quite 
clear, evolving no odour at all. 

The four stages of the pH-change above mentioned were always 
observable in these experiments, although the length of the period of 
each stage varied in each case, and the boundaries of the stages were 
indistinct in the sea-water which contained but little plankton as in D. 
Thus it was notable that the quantity of plankton, which had been in¬ 
oculated and which had developed the micro-organisms, influenced the 
rate and duration of each stage. 

Regarding the pH change, Pruthi and Jones obtained almost similar 
results. Pruthi (1927), who studied the relation between the pH of 
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hay-infusion and the protozoan population without seedinfj:, reported that 
the rate of change in th(‘ pH of the infusion depended upon the nature 
of the water. Jones (1930) studied the infusion histories of Paramecium 
from th(' view point of hydrog(‘n ion changes and stat(‘s thatThis 
acid phase is accompanied by fermentation, and is evidently brought about 

by bacterial activity.The second stage of the pH behavior, in v\hich 

the influsion returns to normality and them Incomes alkaline, is probably 
brought about by a second cycle of bacteria." Moreovc'r, the prolonged 
duration of the acid (‘ondition in th(‘ medium, has an important bearing 
upon the fate of organisms, as was statr'd by Jones. In the above 
experiments already describr^d, the acid limitation for th(' a[)pearance of 
Cyclidium varied slightly, depending on whether or not a daily rr'vulation 
* of pH was made, that is, no Cyclidium was found in sea-water of initial 
pH 5.0 when daily regulation pH was applied. But the appearance of 
Cyclidium was observed in sea-water of the sam(-‘ pH when no daily 
regulation was made. This fact will b(‘ understood from the I’easons 
above mentioned. 

Relation between vital phenomena of the other ciliates and pH ranges. 
The above experiments show that Cyclidium can live and multi[)ly for a 
long period in wide ranges of [)H of the medium. Such a phenomenon 
was observed also in other ciliates, although it differs with the sp(.‘cies 
and the conditions of experiments. 

From the ecological standpoints, Noland (1925), who studied the 
distribution of 05 species of fresh-water ciliates, observ(‘d that some of 
them have great tolerance for variations in temperature, in oxygen content, 
and in hydrogen ion concc'ntration of the environment. According to him, 
Cyclidium glaucoma was found to inhabit th(' range of i)H 0.5-8.0. 
According to Lacky (1938), who studied some factors affecting the dis- 
trilAition of the protozoan, Cyclidium glaucoma was found in varieti(‘s of 
habitats such as ponds, pools, oceans, polluted streams and so on, where 
the pH ranged from 2.9 to 8.0. 

On the other hand, according to many investigators the relation of 
the vitality of the ciliates to the pH of experimental medium was found 
to be as follows : -■ 


Spirostomum ambigutim (Growth) 

pH 6,8 7.8, 

. Sadnder 

’21 

>1 

>> 

pH 6.5-8.0 . 

.. . Morea 

’27 

Colpidium striatum 

jf 

pH '1.0- 8.6 . . 

. Ei.uott 

’33 

Colpidium sp. 

»» 

pH 6.0-8..'S. .. 

.. , Pruthi 

’27 
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Paramaecium aurelia 

(Growth) 

pM 

5.7-7.8. .. 

.. . Darby 

’29 



(Living) 

pH 6.0 9.5. .. 

.. .Morf^a 

’27 

p. 

multi micronucleatum 


pH 

4.8^8.:5. .. 

...Jones 

’30 

p. 

caudatum 

(Division) 

pH 

5.3--8.2. .. 

.. .Darby 

’29 


Looking through th(‘ above table, we know that the vital phenomena 
of the ciliates take place in wide ranges of pH, although the differences 
in the pH range were observed in different species and in different 
phenomena, and that, in the present experiment, the ranges of pH in 
the sea-water in which Cyclidinm multiply and live were practically similar 
to those in Morea’s observation made on Paramecium aurelia. MoreovcT, 
it is noteworthy that a single or double maxima in the pH for thes(* 
phenomena were observed. Elliotf (1933), studying the growth of 
Colpidium striatum in relation to the pH of the medium, observed two 
growth maxima within the pH range 1.0 to 8 . 6 , one above and one 
below pH 7,0, and they were replaced by a single maximum if sodium 
acetate was added to the media. The presence of two optima in the 
pH was also reported by Mast (1931) on the longevitv of Amoeba pro- 
teuSy one being pH 6.6-7.0, and the other pH 5.0-6.'!. Thus, as the 
viability and the rate of growth varied with the pH of th(^ medium, we 
may suppose that one or two optima pH for Cyclidinm may exist, though, 
in so far as the results of the present investigation are concerned, this 
point has not yet been determined. 

Obervation II. Relation to salinity. 

As the results of two experiments showed a strong coincidence, they 
will be represented by Experiment 6, which is given in Table 3. 

The range of salinity as well as the range of pH in which Cyclidinm 
can normally live, is very wide, the former being as wide as 7.8 to 

54 . 4 , 51 ^ 0 . 

In succession to the bacterial development, Cyclidiumy which first 
appeared around the natural salinity, was found in the media of 22.9 to 
37.9^0 salinity after two days, but this range became* wider, ranging 
from 7.4 to 54.4^o on the fourth day. But no Cyclidium was found in 
the media of salinity below 1 A%o and above 7'\:7%o during the period of 
a 25-day observation. In the flasks of ]6A%o salinity and above, Cycli- 
dium could live actively for more than 13 days on an average, while in 
flasks of 7.4%; and 10.7% it lived only for one day and then disappeared. 
In Experiment 5, however, where Cyclidium was found in all the ranges 
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Table 3 

Experiment (i 
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Figures in the hraekels show a part of the result obtained from I^'x]). b 


examined, and a later than in Exp. 6 , the survival of CyclidiuTn 

continued for 11 days on an average, and for about 10 days even in 
7 . 8/00 and 10.7^Vo salinities. Such a difference of duration in the medium 
of ]0.7%'o salinity may perhaps be due to the differences in temperature 
and f)Ossibly to the plankton contents of the media. At any rale, the 
lowest limit for the appearance was the salinity of 7.8,'V()» corresponding 
approximately to a i-fold diluted sea-water. On the other hand, Cycli- 
dium was very resistant to higher salinities as well as to lower salinities, 
and liv(*d in th(‘ salinity of 5E4>oo for 23 days or longer, but in the 
salinity of 74.7^oo ihe multiplication was completely checked. Namely, 
th(‘ limitation for high salinity seems to correspond to about a 2 -fold 
concentrated sea-water. Moreover, there was no marked difference in 
the duration of the survival whether the medium was prepared from the 
condensed sea-water or from a mixture of sea-water and van’t Hoff’s 
solution. 

"Fhe pH change in the medium was on the whole similar to the 
results of Exp. 4 , showing the four stages described in that experiment. 
The lowest pH in the first stage found, after a few days, varied from 
(i.l to h .4 in Exp. 6 , and from 6 . 6 ,. to 7.6r> in Exp. 5. The highest pH 
observed, after the disappearance of Cyclidiurriy differed also with the 
salinity, being generally higher than 8 . 6 . In the media of extremely 
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high or low salinity, where Cyclidium was not found, the change's in the 
pH were very gradual, never showing four stages, and the pH generally 
being below 8.0. 

The rate and duration of diatom growth and th(‘ii’ relation lo pH 
changf' were on the whol(‘ similar to those observed in l^xp. 2 and I'.xp. 1. 

ITius, Cyclidium could well adapt itself to the salinity chang(‘s caused 
by the artificial dilution or conden,sation of sea-water, suggesting the strong 
viability of this organism in \arying salinities in natural environmfmt. 
This may probable be diu' to its simple organization, which may allow it 
to adjust itself to outtT conditions with much ease. 

Concerning the resistaiK'e of the organisms in relation to the varying 
salinity of the mfalia many investigations have Ix^en made bv scientists 
with regard to Iowct aquatic animals. Andkiows (1925) f)hsei\'efl that 
the resistance of marine animals such as th(‘ crab, the limpet and the 
green sea-urchin to fresh-water differed in species and ages, and ('vim in 
the same species, the smaller the animal, tlu^ shorter was th<' survival 
time. Pkarse (1928), studying the viability of Limidus, Phasrolosowa 
and eightf'en marine anmdids in diluted sea-vvat(T, obtainca) this rt‘sult ; 
that most of them lived for oni' or two wi'cks in a mixtur(‘ ol thret‘- 
foLirths s('a-water and one-fourth fr(‘shwat(*r, hut that some of them \i/ : 
Nereis virens, Limulus polyphernus and Ijwmce viruhs lived lor th(‘ period 
of two or three weeks in one-fourth sea-water and thre(‘ fourths fresh¬ 
water, Hiro (1938) r(q)ortcd recently that tin* resistance of sonu' littoral 
barnacles to altered salinity differed with species and habitat. On pro¬ 
tozoan species, WoRt.EY (lf)29) observc'd that the marine' rotiler, Hrachionits 
murei collected from an alkaline pond with a salinity of weix' able 

to live in other alkaline t)onds varying in salinity from 9.5) to about ,9.57 
of NaCI. According to Finley (1930), who studied 50 species of fresh¬ 
water protozoan wdth regard to their tol(‘ration to salinity, Uronema 
marina, Colpoda aspera, Bodo uncinaius and Pleuromona jaetdans have 
the power to survive direct transfer into sea-water. Most of the oth(‘r 
protozoans tolerate only a low salinity when directly transferred, but can 
adapt themselves, when transferred gradually, to so high a salinity as 
might have been fatal to them if the transfer had been direct. M.\st 
(1931) observed Amoeba proteus in relation to the purity of the water, 
with the result that it lived for several days in water of very high purity, 
but survived longer in the proper concentration of salt, whether single 
or mixed, living to a maximum of 18 days in the former and 22 days 
in the latter. 
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Observation 111. Relation to temperature. 

In relation to temperature, only one experiment was made in order 
to study the thermal resistance of Cyclidium. As is showm in 'fable 1, 
the result of Experiment 7 demonstrates that the highest temperature, in 
which Cyclidium could survive "an exposure of one hour, and continue 
normal life for a long time afterwards, was about 3b"C. 


Tahle 1 


Kxp<‘riment 7 


Tomp<»rature 

X. 

Days elapsed 

1 before 

pH after 
one day 

! pH after 
five days 

I^utation of 

1 survival 


appearance 

_1. 


(in days; 

('ontrol 

1 

H.3 1 

7.H 

1 ^ 

29^ 1 

1 

8.1 1 

, 7.6 

7 

H2.5 

2 

8.2 : 

7..5, 

' 12 

35' 

2 

8.0 ! 

7.7 

1 12 

38.5' 

3 

7.8 ; 

7.7, 

i 1 

40' 


8.0 1 

7.7, 

1 



8.2 1 

7.6 

1 

51,5’ 


8.1 ; 

7.8 

1 

1 - - 

58 


8.5 

7.7, 

i 

m 


8.7 

7.7^ 

! 


Within on(‘ day of the beginning of the experiment, the first few 
individuals of Cyclidium were found in the flasks of the control (2E’C.) 
and of 29‘C., increasing rapidly in number by the third day, and on the 
same day they also appearc'd in the flasks of 32.b'C. and 3S'C. The 
duration of the survival of those individuals was seven to twelve days or 
more, being comparatively shorter than the periods in the preceding ex* 
perimcmts. On the other hand Cyclidiumj which was found in the flask 
of 38.3 C. after three days, disappeared soon, and had only one day's 
existence. At 4(h(\ and above, its multiplication was completely checked 
owing to the heat coagulation of the protoplasm of Cyclidium. Regarding 
the pH changes, the four stages already mentioned in the preceding 
experiments were not distinct in this experiment. The fall in pH in the 
first stage was comparatively gradual while the rises in pH in the second 
and third stages w^ere rapid, namely, the changes were almost similar to 
that of D in Exp. I. The increase of diatoms with the rises of pH was 
observed after about seven days, and the maximum pH which was generally 
attained after 13 days was 8.8 or higher. Moreover, in this experiment 
some Cyclidium were still found in the media which showed the maxima 
of pH. The shortening of the duration and the rapid increase m diatoms 
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are certainly due to influences of slight rises of temperature under experi¬ 
mental conditions, and of the insufficient quantities of plankton used. 

From the above experiment, one will note that when the culture was 
exposed to the temperatun' of 35'"C. for one hour, no harm to the 
multiplication of Cyclidiiim was caused, hut its survival was impossible 
after exposures to 40X\ and above. 

As is well known, within the physiological limits, the ris(‘s in tempera¬ 
ture of the outer medium, accelerate the vital activity of organisms, and 
beyond certain limitations, animals as well as organs have their own lethal 
or maximum temperature. Fieyond this all vital phenomena cease. This 
maximum temperature varies with th(^ time of exposure, namely timc'- 
factor plays an important rdle in the effect of temperature. Therefore, 
in the present experiment, the multiplication of Cydidiurn would have 
been checked at a lower temperature than tO provided the time of 
exposure had been prolonged. 

Regarding the relation between the lime of exposur(‘ and tht‘ vital 
phenomena at various temperatures, Port (1927), made studies on the 
action of natural salts on the coagulation of protoplasm in Pnraynccium 
caudatum, and obtained the result that the time required to coagulate 
the protoplasm at the constant temperatures of 36°, 38°, and 10was 
2820, 1365, and 264 seconds, respectively, Poyarkofk (1928) observed 
that the time required for the disintegration of Paramecium at 36°, 38°, 
and 40°C. was 37.6, 8.86, and 1.81 minutes, respectively. Assuming that 
the checking of the multiplication of Cyclidiiim might be du(‘ to the 
coagulation of protoplasm at 40 ("., the duration of lethal exposure for 
one hour or less in Cyclidiiim seems to be too long as compar(‘d with 
that in Paramecium. Namely it suggests that the h(‘at-resistance of 
Cydidiurn is markedly higher than that of Paramecium. In thf‘ prescmt 
experiment, however, it needed a short lapse of time before th(‘ tempera¬ 
ture reached 40‘’C., and consequently the time relation of temperature- 
effect was somewhat inaccurate in comparison with the result^ of the 
experiments of others. It is also well known that the h(?at-resistance or 
coagulation of protoplasm is affected by the pH, by the osmotic pressure, 
and by the nature and concentration of the salts of the medium. Hence 
the comparison just mentioned should not be taken as strictly accurate. 

Lastly, to know the relation between the temperature-maximum and 
the optima of various vital activities in Paramecium, a few examples may 
be quoted from the tables in the ‘'Temperature and living matter” (p. 
165-167) of BeIwEhradek (1935), as follows: 
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Spcfc's 

l\*mperuture I 
maximum 

Duration of 
oxposuro 

Remark 

Authority 

P (Hire It a 

I 31.5' i 

[jormanent 

development 

VVooDRUKi’ and Baitskix 

}\ caudotum 

;u-;i7 

several hours i 

ciliary movement 

Michf:i.son ’2H 

P. cauddtum 

! 33 ! 

1-2 days 



P. sp 

43 i 

25 seconds ; 

kdlioK 

PovARKoi r ’2H 

P. vfiuddhim 

14 

9 sf‘conds 


Port ’27 


SUMMARY 

1) Cijclulium sp. (Fig. 1), a saprozoir protozoan, is hardly ohsorvablo 
in fresh collections of plankton, hut it app('ars in great abundance when 
a large amount of [)lankton sample is left m putrefaction in the labora¬ 
tory. In the present experinumt, th(‘ dev(‘lopment of this organism m 
this respect was experimentally studi(*d, stress being laid on th(‘ pH and 
salinity of the m('dium. 

2) Under ordinary laboratory conditions CydidiuiJ} multiplies rapidly 
in s(’a-vvater, provifh'd a rich supply of decaying plankton is available in 
it. and lives normally for two or thian* weeks. 

Duration of survival dep(*nds upon tht‘ quantity of available decaying 
plankton. 1die larger the amount of plankton, the longer the duration 
of the survival of CycHdium. 

3) The range of pH in which Cyclidiurn could live and multiply foi- 
a long {)eriod was found to be from pH 5.0 to 9.8. 

I) The pH of water in which Cyclidium is propagating shows con- 

siderable changes. The rate of change in this case is mainly due to 

bacterial respiration and diatom assimilation, but it also depends on the 

quantity of plankton in th(^ flask. 

5) The change of the pH in medium water generally shows four 

stages, ?. c., first the pH falls rapidly, secondly it gradually rises, thirdly 

shows a rapid ris(‘, and fourthly again shows a rapid fall. The length 

of each period varies with the quantity of plankton. 

6) The total salinity in which Cyclidium continues normal life ranges 
from 7.8^V^ to 54-.'l/oo. 

7) One hour’s exposure of the sample to a constant temperature of 

35°U. does not completely depress the multiplication of this organism, 

but above this temperature its multiplication is depressed or checked. 
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Iii'ititutn fhnlo^Kic I'ohoku I ’ It ivrrst t nt Is I rn prruilis Sf ndoir 
C lun 7 taluilis rl 7 lij-iini'' iii t<‘\tii 
()j)Ms iHacpimn (lir 9 S< |»l 1!)19 

i^H)) Salix Kinuyanagi Kimhka sp. nov. 1, 2 & IViIk \, \1). 

Syn. rir/n'tia/is L." Salic, .hip. \). aO [iro paite, 

puoad spociiii. cx I’okyo iShirai a. If)!. MArsuMUKA, Ind. Id. .lap. 11 : 
2, p. If) pro parl(‘, (pioad spccini cx I'su I’C: 'I'okio. Makino it 

Nr.Moro, ('at. .hij). I’l. Herb. Nat. IIi.si l)<^pt. Tokyo Imp. Mus. p. dll 
(1911). Oni MA 11 SniKAi ct Ontma, Hon/o/,uliu IVI(‘i<o ad Tdni'aiasa 
I wASAKi, llonzo/uhu LXXXl. (m 1. ann. 1920. 

Salix iirninalis \ar\ yi’zoensis SniNKiDKK in Saioirnt, TI. WiUon. 111. 
p. 1 aS (191(9 pro parte, quoad pi. pro\ Musashi (II. Wilson n. ()119>. 

Salix Schivnrinii Woi.r \ar. Kinuyanay^i Kimiula in schcal. 

Descr. lata: Fn/tdx v<d arbor us(ju(‘ a (7m alta, coma I'otundata, 
trunco cortic(‘ sordidc cinci(‘o v('tustat(‘ longitudine irregularitei’ rimoso 
obiccto. Hamuli annotini longissimi r-ectiuscu)i aliquantum crassi, hi(‘me 
olivac(‘ 0 -virides vel castaneo-virid(*s, [lilis cinereis veliitino-tomcntosi, inferne 
vavsligiis tomenti residuis t(‘c(i aiit glabresctmtes, tunc plus minus nitiduli ; 
rami cdcatricosi cortice gnseo ohvac(M), inti'riorc' luteo viride. (iemmac 
amimtifiTae adprc'ssae. in ramulis (‘ximi(‘ condensatae, ovato* vcd oblon^o- 
tdlipticae vel anguste ovatae, api(‘(‘ obtusissimae latere obtuse carinatai', 
sordide stramineae vel cinereo helvolae, pilis cinerids v(dutino-s('ric(xu', 
(7 llO.b 12( l.da)mm longae (d.0-jl.()( l.,b) mm la(a(‘, 2.0 .‘bO-pIo lon- 
giores (^uam latiores; foliiferae adprc'ssae, stramineae vel brunneaty aliae 
in supremis partilius ramuli lo<-a(ae, oblongae vel elliptico-oblongacy apic’e 
obtusissimae, pubescentes, .d 7 mm longae et circ iter 2.0 mm latai*, aliae 
inferne vel rarius inter amcmtiferas sitae el elliplicae V(‘l ovatae, apici' 

' ()()us('ulijm hor partim rffectum jx'r siiL.sidium in«h) (lonatum al) Nippon-(iaku/vulu- 
Sitikokai sive Socio(u((‘ Japonira pro Proniotu Jnvc'stiKahonuin .Scientiaruni. 

- 17x nomine vernaculo; kitui - S('ricea, yana^i salix, pioplen- folia sul)tu.«; seri('ea. .Spe< i 
mina hujus s|jeciei antea emisi sul) nomine “ Salix serotina Pai.i.as var. Kinuyanagi Kimcua 
a(l lierbaiium Arboreti Arnoldiani el IL Museum llisioriae Nalurali'' Holnuae. 


iOl 
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oOtusissimao, velutina(\ r> 7 iiim lon^ae, 2.r) 2.0 mm lalao, Oemum intei'dum 
^^lahrescente.s. Cataphyl/a sterilium ramulorum lineari-ohlonfs^a utrinqu(‘ 




A n 

Five. 1. Sdlix Ktnyyanufii Kimuka. A Ramuli pars anicntiffn svil) aia}i<‘si. ^ 1 
H Ramuli pars cum ve^’^umis amentifcris > 1. 


obtusa, marf^ine integerrima, supra inferno pilosiuscula reterum f^labra, 
subtus adpresse argenleo-villosissirna, 1 T 20 x 2.5-1.0 mm magna. Folia 
receniissima ulrinque (subtus satis densius) serirea, e vernatione relaxata 
margine (supremo excepto) evidenter revolula ; adulta rhartacea internodiis 
2-11 mm longis dissita, anguste lanceolata, apirem versus attenuato-aeumi- 
nata, basi margine leviter ronvexo acuta vel obtusa, 10-19.2 cm longa 
1.1 1.9cm lala, circiter 9 12-plo longiora quam latiora, margine l(*viter 
revoluta, obsolete glanduloso-crenato-.serrulata, serraturis 0,8 -2.8 mm inter 
se distantibus, supra saturate viridia sub lente inaequaliter sparse adpres- 
seque puberula, demum glaberrima paullo nitida, sul)tus pilis rectis ad- 
pressis densissimis 0.5-1.0 mm longis costaque parallelis argenteo micantia ; 
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costa straminea vel rubicunda supra elevala minute pubescente, subtus 
valde prominente holosericea; ncrvis primariis supra leviter impressis 
subtus prominulis, utrinque 23-30 a costa sub angulis 40'’-80” exeuntibus, 
arcuatis ante marginem adscendentibus leviterque Hexuosis, secundariis 
irregularilius infra pube densissima fere invisibilibus, intermediis 1-3. 
Petioli supra superne convexi basin versus sulcati, ad basin dilatati, undiqut' 
sericeo-tomentosi, 1.0-1.8 cm longi. Stipulae oblique lanceolatac' v<‘l oblique 
ovato-lanceolatae, apice attenuato-acuminatae, basi semicordatae, margine 
plus minus revolutae, obsoletissime crenato-serrulatae, supra convexae seri- 
ceae, subtus concavae pilis 
densis adpressis argenteo- 
micantes, costa media pro* 
minente, nervis prominulis, 

11-20 mm longae 3 5 mm 
latae. Amenta ^ praecocia 
in ramulis eximie condensata, 
ellipsoidea vel ovoidea, recta 
brevia densiHora, apice ob- 
tusissima vel rotundata, basi 
sessilia cataphyllis suffulta, 
rhachidibus sericeis, 2.7-3.3 
cm longa, 1.(r-2.0cm crassa. 

Cataphylla amentorum 2-6, 
lanceolata vel lineari-lanceolata, 
minora satis squamosa et basi 
excepta nigrescentia, utrinque 
(infra densius) sericeo-villosa, 

4.5-8 X 1.3 1.8 mm magna, 
majora viridia, supra glabra 
vel partim sericea, sul)tus 
sericeO'Villosa, 10-14 x 2-3 mm 
magna. Bracteolae lanceolato- 
oblongae, apice acutae, dimidia 
superiore nigrae, medio albidae 
vel rubicundae, basi pallide 
flavo-virides, extus villosae, in- 
tus dimidia superiore villosae 



Fig. 2. Salix Kinuyanagi Kimi'RA. A Flos 
B Bractoola a facie. (' Aiilhcra a facie. 
I) F.adeiTi a dorso. B (^landula ventralis a latcriv 


et basi glabrescentes, 3 3.2 mm longae, 
1.0-1.1mm latae. Glandula una ventralis linearis, apice truncata, leviter 
curvula lutea 1.2-1.6 mm longa circiter 0.4 mm lata. iSfamfna 2, filamentis 
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alhis glabris liheris filiformihus 7.5-9.0 mm longis. Antherae luteae oblige 
ovales, 1.2'1.5 X O.H mm magnae. IManta -V ignota. 

Nom. Jap. Kinuynnagi 'I'unkmasa IwASAKi' , Honzozuhu LXXXl. fob 

17 verso (182H) mss. 

Hab. in Japonia (ealt.). Honsyu. — Prov. Rikuzen : Sendai, (A. Kimuka 
n. 2192 t fl. [typusj’ 11 A[)r. 1933 in Herb. A. Kimuka, fob [ty[)us fobj 

18 Oct. 1931). F^rov. Hitati : Midorigaokamura, (J’UKliMA'ri n. 5 (1. 25 
Mart, 1930, fob 15 Jun. 1930).- Prov. Musasi : in planili(‘ Simura, 
(A. Kimiira n. 2852 fob 25 Maio 1929^; prope oppidum Siki, (A. Kimiira 
n. 2853 fob 30 Oct. 1923); 'Fokyo-Sugamo, (A. Kimuka n. 2851 fob 2 
Nov. 1923); Tokyo-Nakano, (A. Kimuka n. 21 fob 0 Nov. 1923). -Prov. 
Etizen : J’uruga, (\. Hosoi n. 2b fob 19 Aug. 193b). Prov. Settu : in 
ri|)is n. Kanzakigawa, (A. Kimuka n. 2855 fob 8 Sept. 1923). Prov. 
Inaba : Tunoimura, (Y. Ikoma n. 3 gemm. 5 Jan. 1933).- Prov. Bingo: 
inter Tozyo et Sinryuko, (K. Naoiiai^a fob 1 Se[)t. 1931). - - Prov. Suo : 
Kagawa, ( F. Opa n. 3172 fol. 9 Sept. 1932); Hirakavva, (T. Oda n. 3179 
fob 9 Sept. 1932); Yamaguti, (1\ Opa gemm. 10 Dec. 1932, FYl). 1933). 

Sikoku.- Prov. Tosa : Higasiyamamura Yasunami, (T. Mokimoi’o n. 
9 fob 17 Aug. 1935). 

Kyusyu. Prov. Hyuga : Miyazaki, (T. Hino n. 52 fl. 12 Mart. 1933). 

lYov. Buzen : “ Kiu.shu, in humidis littoris Bakan,” (U. Faukie n. 5350 
fob Jub 1903 in Herb. IJniv. Imp. Kyotensis). 

A Sallee Schiverinii Wolf atque S. Pet-susu Kimuka, quibus maxime 
afiinis, potissime differt ramulis crassioribus tomento densiore tectis, gemmis 
amentiferis majoribus confertius locatis, foliis subtus pube densiore validius 
argenteo-micantibus. — Nobis haec .salix nonnisi e stirpe masculina cognita 
est. Oolitur ubique in in.sulis Kyusyu, Sikoku, Honsyu media ct australi 
(bor(*aIi autem rarissime) ad pagos et circa domos, sed nequaquam sponte 
invenitur ; fieri potest, ut ex Korea antiquis temporibus primo in Kyusyu 
vel occidentalem partem Honsyutmsem introducta et deind(' boreali-orien- 
talem usque distributa sit. Tunemasa Iwasaki (178(b-1842), ille illustris- 
simus botanicus Yedoensis, in suo magno opere Honzozuhu mentionem 
fecit salic(‘m banc in provincia Mino occurrere. Ista mentio suggerit mihi 
ut haec suo tempore nondum in Yedo culta esset, nunc autem ibi et vicini- 
tate baud rara est. 

U(’fr. E. 1). MEaunx & E, H. Walker, A Bibliography of F^astern Asiatic Botany p. 
211 (193H;. • 

-'Per benevolentiam dom. SiNzmo Kyodo Sendaiensis specimen originale amplaque 
cotypica ex stirpe in horto suo culta legi; illi gratias ago. 
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9J) Salix Kingoi' Kimiba sp. nov. (Fig. 3 & Tab. XII). 

Descr. Jata ; - Frutex Immilis prostratus ciiTiter 15 25 cm altus. Ramuli 
armotini 7 FScm longi, toiulosi glaherrimi nitiduli, sul^ prelo plerunciue 
fuscescentes vel atro-fuscescentps (‘l interdum dilute pruinati, intfTncjdiis 
in medio ramuli 1.5 3.5 cm longis; hornotini ah initio glahc'rrimi. Cdta- 
phylla sterilium ramulorum lat(‘ elliptica ad ohovata, apice ol)tusi«;sima 
vel rotundata, hasi ohtusissima v(d sui)cimcata, margin(‘ minutis.siuK' glan* 
duloso-serrulata, supra pid)('rula v(‘l glabra, subtus s(‘cus costam v('l anlict' 
tantum adpresse villosa v('] glabra, prima 1-7 x 2.5 1.5 mm, secunda 7 8 
X mm, tertia 0 15 ■ b 0 mm magna. Folia juvenilia supra ad[)r(‘ss(' 
sericea infra glaberrima, vernatiom‘ convoluta ; arlnlta rigid(‘ chartac(‘a 
plera(iue obovata interdum elli[)tica \el ovalia, apicx' rotundato-acuta V(*l 
subcuspidato-rotundata V(‘l fei’e rotundata nonnuinijuam acuta v(‘l [)i-(‘Vit(T 
acurnmato-acuta, basi acuta V(‘l subcuneatim a(‘uta vel obtusa, margine 
circumcirca dense minute argutecjue glanduloso-s(‘rrulata, serraturis m 
medio folii b 10 pro I cm, supra levia nitentia viridia nim stomatilera, 
subtus inttm.se glauca, utrinijia* glalx'rrima, 3.0 5 b > 2.3 3.0 cm magna, 



Fir. 3. Salix Kingoi Kimcua. A Flos a lalcro. B Stigmata rum 
stylo. C Glandula vontralis a facie. D Basis ovaiii (um glandula a 
latere. E Bracteola a facio. 

Species dicavi cl. dom. Dr. Kingo Miyahe, Academiae Imperialis Scientiarum socio 
ac Botanic! Professori Honorario Imperialis IJniversitatis Hokkaidensis, qui mihi hanc 
novitatem ut investigarem misit. 
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1.5-2.0-plo longiora quani latiora; costa supra fcrc plana in juventute 
puberula mox glabresccnte, infra prominente glaberrima ; nervis primariis 
leviter arcuatis supra in sicco elevatis infra prominentibus, utrinsecus 9-14, 
a costa sub angulis 40"“70’ divergentibus, superioribus plus minusve acro- 
dromis, secundariis subirregularibiis pulchre anastomosantibus. Petioli 
semiteretes supra sulcati pilosi infra convcxi glabri 5-9 inm longi. Stipulae 
forma variae oblique ovatac' vel oblique lanceolato-ovatae vel oblique lan- 
ceolatae, plerumque superiores majores ac latiores, apice acutae margine 
serruiatae utrinque glabrae subtus glaucae, 3.4 x 1.5, 5 x 2.5, 7 x 3.5, 8x5, 
10x4, 9 X 2.5 mm etc. magnae. Amenta (semimatura et fructifera visa) 
coaetanea recta erecta oblongo-cylindrica densiflora, semimatura 3.5 6.0 cm 
longa, 1.0 1.3 cm crassa, fructifera ad 9 cm longa, rhachidibus pilosis, 
pedunculis 6-11 mm longis pul)escentibus vel villosis ; cataphylla pedunculi 
2-3 squamosa, florum bracteolis fere conformia et fere aequimagna, dimidio 
superiore fusco-atra, utrinque dense albo-villo.sa, rarius quorum unum majus 
ellipticum foliaceum viride. Bracteolae oblongae apice acutae vel obtusae, 
dimidia superiore fusco-atrae, utrinque villosac 2 3 mm longae circiter 1 mm 
latae. Glandula una ventralis ovato-oblonga vel oblonga truncata 1 mm 
longa 0.4 0.5 mm lata. Ovaria (semimatura visa) ex ovata basi longe 
conica acuta glaberrima 3.5 mm longa, stipilibus glabris vel paucipilosis 

0.3-0.4 mm longis; stylis obcompressis 0.7-0.8 mm longis. Stigmata ^com- 

missuralia linearia divaricata, apice integra vel leviter emarginata vel 
bifida 0.5 0.8 mm longa. Capsulae stramineae circa 7 mm longae 2.5- 
3.0 mm crassae. Stirps ^ mihi ignota. 

Hab. in Japonia. Sachalin austr. - Distr. Sikka: monte Kawasima- 
yama, (Tatewaki & Takahasi n. 22754 [typus] 23 Jun. 1936 in 
Herb. Hokkaido Univ. Imp,; n. 22751 23 Jun. 1936 in Herb. Hok¬ 
kaido Univ. Imp.; n. 22682 21 Jun. 1936 in Herb. Hokkaido Univ. 

Imp. - S. Sugawara n. 28286 n. 28289 3 Aug. 1935 in Herb. 

A. Kimuka; n. 28285 n. 28303 n. 28294 4 -, n. 28299 n. 
28290 4, n. 28295 3 Aug. 1935 in Herb. Hokkaido Univ. Imp. 

— M. Kawashima n. 2 “In alpine medovv : Chirikoro ”, 16 Jul. 1935 
in Herb. Hokkaido Univ. Imp.). 

Rami procurrentes, amenta lateralia erecta pedunculata, foliorum forma 
et serratura affinitatem cum S. Chamissonis demonstrant, a qua tamen 
bene differ!: habitu robustiore, foliis majoribus crassioribus subtus sat 
glaucis (nec pallidioribus) minus dense serrulatis, stipulis majoribus latio- 
ribus, amentis brevius pedunculatis, capsulis stramineis (nec violaceo-fuscis) 
multo brevius stipitatis (.stipitibus in S. Chamissonis ad 1 mm longis) 
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stigmatibus distincte commissuralibus (ner carinalibus). Examinavi bonam 
materiam S. Chamissonis ex sinu vS. Laurentii, loro clas.siro, per bene- 
volentiam cl. dom. Dr. K. Miyabi*:, cui gratias ago. 

form, hebecarpa Kimhra f. nov. 

A typo recedit o\ arils siiperne piibescentibus. 

Descr. sperim. original.: Fiores paullo posl anthesin ; hrarlcolne 

oblongae apice obtusissimac' dimidio superi()r(‘ fusco-alrae utrimiue villosae 
2 mm longae vix 1 mm latae. Glandula una ventralis ovata trunrata 0.8 
mm longa 0.5 mm lata. Ovaria lanceolato-ronica 5.5 mm longa dimidia 
superiore parte pubesrentia, ima basi et s(‘riis lin(‘am suturalem pilosa ; 
stipitibus 0.5 mm longis i)ilosis; stylis 0.8 mm longis. Stip^niafa 0.8 mm 
longa divaricata plerumque bilobata. 

Hab. in Japonia. Sachalin austr. Distr. Sikka : Naruko-Nirayama, 
(Tatevvaki & Takahasi n. 22866 -V [typus form.) 26 Jun. 1056 in 
Herb. Hokkaido Univ. Imp.; n. 22866' V ^0 Jim. 1056 in Herb. Hok¬ 
kaido Univ. Imp.); monte Kavvasimayama, ('I'atewakt & 4 akahasi n. 
22670 -V 21 Jun. 1056; 22752 4’ *Jun. 105(;: n. 22575 -V 25 Jun. 
1956 in Herl). Hokkaido Univ. Imp.j. 

form, macrocataphylla Kimi ka f. nov. 

A typo recedit pedunculis amentorum cataphyllis majoribns foliaceis 
praeditis. 

Descr. specim. original.: Amenta-^ oblongo-cylindrica densillora sub 
anthesi 2-5.2 cm longa circit(T 1 cm crassa. Fedunculi 0.0 1.4 cm longi 
villosi ima tantum basi glabri. Cataphylla pedunculorum 5-4, (‘Iliptico- 
vcl obovato-elliptica, apice obtusa vel acuta basi cuneato-acuta, bi-eviter 
petiolata, margine minute serriilata, supra glabra subtus glauca glabra 
vel inferne ad costam villosa, majora ad 1.8cm longa 0.7cm lata; st('ri- 
lium ramulorum fere ut pedunculorum. Flores ut in typica. 

Hab. in Japonia. Sachalin austr. Distr. Sikka: monte Kawasima- 
yama, (Tatewaki & Takahasi n. 22681 [typus form.] 21 Jun. 1056 

in Herb. Hokkaido Univ. Imp.; n. 22(586 21 Jun. 1056; n. 22685 Y- 

21 Jun. 1956 in Herb. Hokkaido Univ. Imi).). 

92) xSalix KoieF^ Kimuha hyb. nov. (Fig. 4 & Tab. XIII, XIV). 

-Salix Gilgiana Seemen x S. gracilistyla Miql ee. 

Descr. specim. original.: —ivw/ex circiter 1.5 rn altus habitu fere S. 

In honorem collectcris nominata. 
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Gilgianae (ex collectore). RamvH hornotini teretes rnolliter griseo tomen- 
tosi deinde glahres(*('nl(\s; annotini (‘longati in sicco luteo-brunnei vel 
fuscescentes ^labri vel superne vestigiis tornenli residuis ohducti. Gemmae 
amentiferae (in ramulis auctumno leetis visae) ovato-ellipticae ohtusae 
lal(‘re carinatae venire moderatim dorso valde eonvexae, primo serieeo* 
tomenlosae demum glahrescentesr in sieeo brunneae 1 .b em lon^ae O b cm 
latae ; foliiferae ovata(‘ sericeae vel glal)resc(‘nt(‘s ad (> mm lon^ae. Folia 
adulta rharlarea inlernodiis 1.1-2.0 cm lonpis dissita, oblon^ei ad lanceolato- 
oblonga, medio fe'rc' laliora, apice acuminata [)a'>i obtusissima vel rotundala, 

margine anguste r(4lexa glanfluloso-crtmalo- 
s(‘rrulata, serraluris in medio folii 8 1 pro 
1 cm sursum crebris, acumine (4 basi integra, 
sii])ra viridia glabra stomatifera subtus glauca 
pilis mimilis adpre^sis et sparse el dens(‘ 
pub('scenlia, 10-18.8 cm longa 2.4 8.!^ cm 
lala, 8.8 1.9-plo longiora quam latiora ; costa 
supra eb'vata |)ulveru!(‘nto-pub(^sc('nte demum 
glabrescente, sul)tus valde prom!n(mle stTiceo- 
' / pubescimte demum glabr(‘sc(.mt(‘ : nervis pri- 

' y mariis arcual(>ascendentif)us utrinsecus 18 

; 18 a costa sub angulis 80 -00 diverg(mtibus 

, supra in sicco fer(‘ plan is \’(‘l (‘levatiusculis 

i infra prominentibus, secundariis tenuibus 

f ' subparallelis crebris int(T primaries Irans- 

versis; inlerm(‘diis 2 8, Petioli semiteretes 
, supra basi sulcati, primo circumcirca tomen- 

' tosi, cr(Ma gemma subtus glabrescentes ad 

1 cm longi. Stipulae oblique ovata(^ acumi> 
natae gIanduloso-s(Trulatae utrinque pube- 
rulae supra ima basi glandulosae infra giaucae 
, ad 12 mm longae 8 mm latae. Amenta ^ 

^ ^ I jl I" praecocia oblongo-cylindrica apice obtusissima 

curvula densiHora sessilia ante anthesin vil* 
l iR. i. Snh^ Koiet KrM. HA. josissima, ihachidibus pubescentibus, ;15-.1..8 

Mov masrulinus. ^ i • i 

cm longa ad l.i)cm crassa, basi plerumque 
catajibyllis paucis squamosis anguste deltoideis vel ovato-oblongis acutis 
vel obtusis integerrimis utrinque villosis vel supra antice glabre.scentibus 
8.8 7 X 2.2 2.8 mm magnis suffulta. Bracteolae ellipticae vel subrhombeo- 
ellipticae vel fere obovatae sursum acutae ad summum obtusae vel acutae 
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deorsum subcuneatae et intus concavae, utrinciue alho-villosissimae, dimidia 
sup(‘riore nigrar infcTiore pallidae 2.(v 3.0 mm longae circiter 1.4 mm latae. 
67anf/z//a una ventralis linearis truncata paullo incurvata 1.1~1.3mm longa. 
Stamina 2, (ilamcmtis glabris prorsus ad apicem us(]ue connatis {).(> mm 
longis. Antherar ovales saltern apie(' purpurea(‘ 0.0 0.9 mm longae effuso 
polline plerumque fiiseescentes. 

Hah. in Ja])onia. Monsyn. - IVov. Ugo : Hu/ikolo-mura, G. Koie n. 
21 ^ fl. [typus] 21 Apr. IfMO in Herb. A. Ktmuka, tol. [typus fol.l 2 
Oct. 1929: n. 22 lb 22 Apr. 1910, fob 2 Oct. 1929). 

Magis t(‘ndet ad S. ^radlistijlam : ramulorum tomento, figura et 
magnitudine gc'mmarum, forma nervatura serralura 
indum('nto foliorum, forma stipularum, ligiira el 
magnitudine am('ntorum, villositatt‘ densa bracteola- | | )! 

rum, glandula elongata et glabritate lilam( ntorum. ^ b 

Bracteolarum aut(^m forma C('rtissime mixturam cum ^ ^ 

S. Gilfdana demonstrat. 


92) X Salix thaymasta Kimuha in I'okyo Bot. Mag. 
l.X. p. Oil (192()). — Maki.xo & Nemoto, FI. Ja{). 
ed. 2, p. 172 (19.21).— Nemoi'o, Fl. Jap. Suj)pl. p. 
117 (1920), Honda, Nom. Fl. Jap. p. 12 (19.29). 

Salix fj^racilistyla Mlt^UEl. ■ X. Kinuifanaf!:i Kl- 

MliRA. 

Fig. 2. Oes(T. Frutcx circiter 2 m altus. 

Rainuli teretes elongati, annotini pilis cinereis velutino- 
tomentosi, inferne saej^e glabrescamtes paullo nit('nles, 
in sicco sordide lutei vel luleo-brunnei, inferne 1 mm 
superne 2 mm crassi, vetustiores fuscescentes. Gem¬ 
mae amentifera(‘ non visae; foliiferae stramineo- 
brunneae, ovato-ellipticae, apice obtusae, cinereo- 
sericeac' vel glabrescentes, 10 mm longae, 1.2 2.2 
mm latae. Folia reamtissima utrinque dens(' sericea, 
e vernatione relaxata margine e'vident(‘r rt‘voluta ; 
adulta chartacea interstitiis .2 10 mm longis dissita, 
lanceolata, apice sensim acuminata basi acuta, (S~10 
cm longa, 1.2-'].0cm lata, 5.(>-8*plo longiora (luam 
latiora, margine leviter revoluta glanduloso-crenato- 
serrulata, serraturis in medio folii 5-7, superne minutis 
sed acutis 14-10 pro 1 cm, basin versus laxantibus et 



Kik 5 Sdlix thay- 
incista Kimcra. 
A Flos ^ . H An- 
thera a farii'. 
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obsoletis, supra viridia inaequaliter adpresseque puberula (demum glaber* 
rima ?), subtus pilis adpressis acroscopicisque dense sericea ; costa supra 
elevata minute pubescente, subtus valde prominente dense sericea ; nervds 
primarJis supra leviter impressis subtus promincntibus, utroque latere 18- 
20 a costa sub angulis 30' 50° arcuato-ascendentibus, socundariis crebris 
inter primarios transversis, infra" pube densa fere invisibilibus, intermediis 
1-3. Pctioli supra sulcati circiter 1.0 cm longi undique sericeo-tomentosi. 
Stipulae oblique ovato-lanceolatae acuminatae minute serrulatae ad 15 mm 
longae f mm latae, supra serieeae, subtus concavae pilis adpressis densius 
sericeae. Amenta f, praerocia densiflora oblongo-cylindrica .sessilia, rha* 
chidibus pubescentibus, 2.5-1 mm longa circiter 1.5 cm crassa, basi cata- 
phyll is squamosis sessilibus 1-3 vel nullis lineari-oblongis apice obtusis 
supra glabris subtus sericeo-villosis margine integerrimis 4.5-6 mm longis 
1.3-1.8 mm latis suffulta. Bracteolae lanceolato-oblongae superne acutae 
ad summum obtusae, circiter 2.5 mm longae 0.8 mm latae, basi pallidae 
ceterum nigrae, utrinqu(‘ albo-villosae. Glandula una ventralis lutea anguste 
linearis, apicern versus paullo attenuata, apice rotundato-truncata, 1.3-1.6 
mm longa inferne circiter 0.3 mm lata. Stamina 2, filamentis albis glabris 
6-7 mm longis, e basi ad 2/3-6/7 totae longitudinis connatis. Antherae 
ovales circiter 1 mm longae, apice rubrac basi luteae, post anthesin fus- 
cescentes. 

Hab, in Japonia. Honsyu. IVov. Settu : monte Rokkosan, (E. Isikawa 
'5' H. I typus J 8 Apr. 1940; fol. 23 Aug. 1939). Flores et folia ex 
una eademque stirf)C ! 

Medium inter *S. gracilistylam et S. Kiniiyanagi fere tenet, ita ut 
facile pro hybrida earum haberi posset. Ab ilia habet foliorum nervationem 
(i. e. nervos secundarios crebros inter primarios transversos), serraturam 
baud obsoletam, glandulam floris anguste linearem, filamenta staminum 
alt(‘ cormata, sed a S. Kinuyanagi folia adulta lanceolata sursum attenuata 
subtus dense sericea, recentissima e vernatione relaxata margine evidenter 
revoluta. 

91) X Salix ampherista Schneider in Sargent, FI. Wilson. III. p. 175 
(1916). Making & Nemoto, FI. Jap. ed. 2, p. 161 (1931).— Kimura 
in Jour. ¥ac. Agr. Hokkaido Imp. Univ. XXVI. 1, p. 452 (1934) (Miyabe 
& Kudo, FI. Hokkaido & Saghal. IV.).— Nemoto, FI. Jap. Suppl. p. 105 
(1936).-- Honda, Nom. PI. Jap. p. 41 (1939). 

Salix sachalinensis Schmidt (!) x S. vulpina Andersson (?). 

Fig. 6 & Tab. XV, XVI.— Descr. specim. original.: — Ramuli annotini 
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tenues ad 18 cm lon^i basi 2 mm superne 1 mm crassi glaberrimi purpureo- 
fusci paullo nitentes, hornotini brunnei minut(‘ pubeseentc^s. Catnphylln 
sterilium ramulorum oblon^^a (>b(usa intef^^errima brevissime poliolata supra 
glabra subtus aclpress(' villosa 10 11mm lon^a H.f) b.O mm lata. Folia 
(adulla nondum evoluta) intermedia tf'iuiia lat<‘ elliptiea, obovata, obovato* 
elliptica, apice late acuta ad summum obtusa, basi acuta vel sul)cimeatim 
an^ustata, margin(‘ integerrima, <^.7) > 2, .‘10- 2 2, 1.8- 2 cm etc. magna, 
supra viridia sparse adpresse puberula, subtus pallifliora spars(‘ ad[)resse 
sericea ; costa supra fere plana 
vel subimpressa minutissime 
puberula infra prominula ad- 
pr(vsse pilosa ; nervis primariis 
infra vix elevatis utrinciue 11 
1 1 a costa sub 10-70 diver- 
g('ntibus, secundariis su[)regu- 
laribus. Folia nrentissima 
ulrinciue seric(‘o-pubesC(‘nlia, e 
vernatione relaxata margin(‘ 
infero revoluta ad rnodum .S. 
sachalinensis. Petioli foliorum 
intermediorum semit(*retes su¬ 
pra sulcati circumcirca minulis- 
sime pubescent(‘s ad 0 mrn 
longi. Amenta tantum fructi- 
fera visa, ut vi(l(*tur [)ra(‘Cocia, brevissime pedunculata, pt'dunculis \illosis 
circitt‘r 4 mm longis, 0 b.f) cm longa circitta* 1.2 cm crassa, basi cataphyllis 
paucis ellipticis obtusis integ(Trimis supra glabris infra a(l|)ress(' villosis 
circit(‘r 10 mm longis 2 T) mm latis suffulta, rhacliidibus sericeo-villosis. 
Flores int(‘r fructus rt‘manf*ntes: bracteolae ol)longae apicf‘ ob(usissima(‘ 
supra basin constrictae (modo S. sarliahnensis) l.,‘ll.lmm longae O.o 
0.() mm lata(\ dimidia superion* brunn(‘a(\ utrmqu(‘ (intus sLij^eriK* tantum) 
albo-villosae, intus concavae (modo .S. saeliaUnensis). (ilandulo una v(*n- 
tralis oblonga t»“uncata compressa 0.0 0.7 mm longa, stipitibus duplo longior. 
Ovario ovato-conica acuta breviler seric(‘a l.r)“I.8mm longa ; stipitibus 
pilosis vix O.i^ mm (in fructu vix O.f) mrn) longis ; stylis olx'ompressis 0.8 
mm longis integris. Stigmata brt‘via ovata commissuralia integra \(*l 

leviter emarginata 0.2 mm longa. Capsulae 0 mm longae. Ovula in 
quaque placenta 3. 

Hab. in .)apr)nia. Hokkaido. Fr'ov. Osima: Hakodate, (Fauuie n. 
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r) 7 r)H fr. [typus] 1 Jun. HH)l, suh nomine S. <l<]is('ni(>nsis Ski’aifn in 
H(tI). Arl)oreti Ai*nol(linni). 

l)e orif^one hujus mira(‘ forma<‘ nondnm aliquid ad j)ersua(l(M)(lum (li<‘(‘i(‘ 
possum : piopius autem arr(‘dit ad S. sarhalinrnsnn ( ataphvllorum fi^^uia 
V(‘stimento el ma^nitudine, foliis interm(‘diis inte^errimis suhtus pallidiorihus 
s(jars(' s(‘rie(ds, iKM v is primai iis distincti^ et cfebfis, secundar iis sul>r<'^Hilar i- 
1ms, foliis juvenilihus uti iiKiin* pubescentihu'^ (‘ V(‘rnation(‘ celaNatis mai'ginf' 
infcTo revolutis, Hoiuin bracteolis prope basin constnctis, o\ariis ovalo 
conicis bia v iter(pj(‘ seric(Ms, stylis (don^^alis, sti^nnalibus parvis (‘1 co?nrnis- 
suralibus ; sed ab ea pra('cipue re(‘edit foliis intcn nu'diis nudto latioribus, 
^landula ventrali br{*viore, ovariis Ina'vius stipilatis, (|ua(‘ notiu^ forsan ex 
S. ndjnna der ivata(‘ essenl. I lie /^l atias maximas ag(‘re inibi esi olbciuni 
cl. dom. Prof. A. PKlthKK Arboreti Arnoldiani, (piod nnbi inatenan^ 
ori^inalem libenlt'i’ connnodavil. 



Ki^. 7 Typus SdUcis kakistae ScHNKlDrm. 
Iv H. VVu.RON n 710;{. 


Of); Salix Reinii Plow 
( JIKT tK' Sa\ A i iKK, Knum. 
PI. Jap. 1. p. IA9 ( 187 . 0 ) 
(nom(‘n). Sp'.i’.mkn, Salic. 
Jap. p. 11, t. b, f. A P 
< 1908) (d(‘scr.). Koid/tmi 
in Tokyo Hot. Ma^. XX V’ll. 
p. 91 (1918), S('HNKji)r,i{ 
in Sarount, Id. Wilsotn 
111. [). i:^7 (191b). Ki- 
Mi'KA in Jour. l^"ac. A^r. 
Hokkaido lm[). Univ. 
XXYI. 1, p lO::? (1981) 
(Mivabk Ki’oo, M. 
Hokkaido & Sa^dial. IV.) 
(‘Xcl. syn. Salix daisrniea- 
sis Skkmi-.n. 

Syn. Salix f^lahra 
Sr()i»()M ” Fuanchkt & 
Savatikb, Knurn. PI. Jap. 
11. 1, p. 508 (187b). 

Salix Sieholdiana 
” MATSeMUHA, 
Nippon Shokubutsumeii 
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p. 170 (1884); Cat. PL Herb. Imp, Univ. p. 181 (1886) pro parte, excl. 
pi. ex Siomitoge prov. Kii; Shokubutsu Mei-I p. 261 (1895). — Miyoshi 
in Tokyo Bot. Mag. V. p. 88 (1891). — Matsudaira & Ikeno in Tokyo 
Bot. Mag. VIII. p. 425 (1894). — Ichimura in Tokyo Bot. ^ag. XIII. p. 
101 (1899). Syn. nov. 

“ Salix Miquelii Andersson ” Okubo, Cat. PI. 6ot. Card. Imp. Univ. 
p. 201 (1887).-— Matsumura in Tokyo Bot. Mag. III. p. 249 (1889); 
List PI. Nikko p. 28 (1894). — Watanabe & Matsuda in Tokyo Bot. 
Mag. VI. p. 91 (1892). Syn. nov. 

Salix kakista Schneider in Sargent, PI. Wilson. III. p. 128 (1916) 
quoad holotypum, Syn. nov. (Fig. 7 nostra). 

Mom. Jap. Itoayanagi Matsumura, Nippon Shokubutsumeii p. 170 
(1884). — Miyoshi in Tokyo Bot. Mag. II. p. 199 (1888). 

Miyamayanagi Matsumura in Tokyo Bot. Mag. III. p. 249 (1889). 
Mineyanagi Tokubuchi in Tokyo Bot. Mag. X. p. 123 (Apr. 1896). 
— Kawakami in Tokyo Bot. Mag. X. p. .50 (Jun. 1896). 

Salicis kakistae holotypus, quern ipse examinavi, ab pura S. Reinii 
baud differre mihi videtur; itaque iitud nomen ut sytionymum in hoc reduxi. 

var. eriocarpa Kimura in Sci. Rep. Tohoku Ipip. Univ. 4 set. Biol. 
VI. p. 190 (1931). - I^EMOTO, FL Jap. Suppl. p. 114 (1936). — Honda, 
Norn. PI. Jap. p. 44 (1939). 

Syn. Salix kakista Schneider in Sargent, PI. Wilson. III. p. 128 
(1916) quoad specim. Faurie n. 5752 “ Nippon, in sylvis Akita ”, 18 Jun. 
1905. Syn. nov. 

Examinavi materiam FAUiUEanam in Ha-barb Arboreti Arnoldiani 
coiteervatam., 

96) Salix vulpina Andersson in Mem. Am. Acad. Arts Sci. n. .ser. Vl. 
p. 452 (1859) (Gray, Bot. Jap.). — Seemen, Salic. Jap. p. .37, t. 5, L 
F-I, (1903) excl. syn. pro parte. — Matsumura, Cat. PI. Herb. Ctdl. Sci. 
Imp. Univ. p. 182 (1886): Ind. PI. Jap. II: 2, p. 15 (1912) pro parte. - 
Koioeumi in Tokyo Bot. Mag. XXVII, p. 89, 264 (1913). — Schneider 
in Sargent, PI. Wilson. III. p. 130 (1916).— Kimura in Jour. Fac. Agr. 
Hokkaitfo Imp. Univ. XXVI. 4, p; 404 (1934) (Miyabe & Kudo, FI. 
Hpldkaido & .Saghal. IV.). 

Syn. “ Salix SUsboUiima Blume ” Miyoshi in^ Tokyo Bot. Mag. V. 
p. 158 (1^1). Syn. nov. 

Salix daisenietms Sbbmen, Salb. Jap. p. 66 (1903) pro parte, quoad 
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pi. ex Rebunsiri, Faurie n. 3712. — Matsumura, Ind. PI. Jap. II: 2, p. 
9 (1912) pro parte, quoad pi. ex Rebunsiri. Syn. nov. 

Quum Salicacearum feci revisionem in Miyabe & Kudo, Flora of 
Hokkaido & Sagbalien IV, specimen FAURiEanum n. 3712 negligenter 
ad S. Reinii Fr. & Sav. retuli, quod tamen certe ad banc ducendum. 
Examinavi materiam FAURiEanam in Herbario Universitatis Imperialis 
Kyotensis. Confer Kimura in Miyabe & Kudo I. c. p. 403. 

97) Salix pulchroides Kimura in Jour. Fac. Agr. Hokkaido Imp. Univ. 
XXVI. 4, p. 446 (1936) (Miyabe & Kudo, FI. Hokkaido & Saghal. IV.). 
~ Nemoto, FI. Jap. Suppl. p 113 (1936). Honda, Nom. PI. Jap. p. 
14 (1939). 

Syn. ''Salix anglorum Chamisso ’’ Kudo in Jour. Coll. Agr. Hokkaido 
Imp. Univ. XI: 2, p. 96 (1922) {FI. Paramushir). 

'' Salix Chamissonis Andersson Koidzumi in Tokyo Bot. Mag. XLIV. 
p. 109 (1930), Makino & Nemoto, FI. Jap. ed. 2, p. 162 (1931). 

Descr. - Frutex habitu ut in Folia adulta obovata, apice 

fere rotundata, basi subcuneatim angu.stata, terminalia subrhombeo*elliptica 
utrinque acuta, margine apice fere intogro excepto crenato-serruiata, ser* 
raturis ad medium folii 5-6 pro 1 cm, utrinque glaberrima subtus dilute 
glaucina, 3.5-3.7 x 1.6 2.3 cm magna ; costa supra fere plana infra leviter 
elevata ; nervis primariis leviter arcuatis utrinsecus 6-7, a costa sub angulis 
40‘’-50'’ divergentibus, secundariis irregularibus. Petioli glabri supra sub 
cati ad 8 mm longi, Stipulae lanceolatae ob.solete serrulatae ad 4.5 x 1 mm 
magnae. Amenta ^ (tantum deflorata visa) cylindrica 7.5 cm longa 1.7 cm 
crassa, rhachidibus pubescentibus, foliato*pedunculata ut in pedunculis 
ad 4.5 cm longis, foliis ut in Flores inter fructus remanentes: 

bracteolae elliptico-oblongae apice obtusissimae utrinque albo-villosae. ad 
3 mm longae 1.2 mm latae. Glandule una ventralis oblonga vel ovata 
apice truncata 0.9~l.0mm longa 0.4-0.5 mm lata. Ovaria lanceolato- 
conica 3.5-4 mm longa supra medium tomentosa ; stipitibus 1-1.3 mm (in 
fructu ad 1.6 mm) longis tomentosis; stylis obcompressis 0.9-1.0 mm 
longis. Stigmata oblonga emarginata, (an semper?) 0.8 mm longa. 

Hab. in Japonia. Kuriles. — Ins. Syumusyu : sine loco speciali indicato, 
(Y. Okada [typus -?-] 18 Aug. 1931 in Herb. Hokkaido Univ. Imp.). 

98) Salix melanostachys Making in herb. Sc. Coll. Imp. Univ. Tokyo 
ex Making in Tokyo Bot. Mag. XVlIl. p. 141 (1904) pro syn. — G6rz, 
Schedae ad fasc. 1. Salicac. Asiatic, p. 21 (1931); in Fedde, Rep. Sp. 
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Nov. Reg. Veg. XXXII. p. 121 (1933); ibid. p. 388 (1933). 

Syn. ''Saltx suhopposita MiQ.” Matsumura, Nippon Shokubutsumeii 
p. 170 (1884); Cat. PI. Herb. ('oil. Sci. Imp. Univ. p. 181 (1880). - 
Oki^bo, Cat, FI. Bot. Card. Imp. Univ. p. 202 (1887). Syn. nov. 

Salix purpurea I jnnaegs ” Matstmura in Tokyo Bot. Mag. Vlll. 
p. 151 (1894). Syn. nov. 

Salix gracilistyla Matsumura, Shokubutsu Mei-1, p. 200 (1895) pro 
parte. 

Salix Thunbergiana Bi.ume sub^p. mrlaiwstachys Maktno in Fokyo 
Bot. Mag. XVllI. p. 141 (1904). 

Salix nigrolepis Shirai MS ex Making in Tokyo Hot. Mag, .Will, 
p. 1 11 (1904) pro syn. 

Salix graciliatyla Miqukj. subsp. mclnnoslachys Making in Tokyo Bot. 
Mag. XXVIII. p. 175 (1914). Making & Nemgtg, Cat. Jap. PI. Herb. 
Nat. Hist. Dept. Tokyo Imp. Mus. p. 309 (1911); FI. Jap. ed. 1, p. 1121 
(1925); ibid. ed. 2, p. 164 (19!U). Nemgtg, FI. Jap. Suppl. p. 107 
(1930). 

Salix Thunbergiana Bl. var. melanostachys Making ex Matsumura, 
Ind. PI. Jap. 11:2, p. 14 (1912). 

Salix gracilistyla, var. me.lanoslacliys Schneider in Sarc.ent, PI. 
Wilson. 111. p. 104 (8 Maio 1910). 

Salix gracilistyla Mig. var. melanostachys Making ex Matsumura, 
Shokubutsu-Mei-1, ed. 9, p. .353 (8 Junio 1910). 

Hab. in Japonia. - ('olitur in hortis tantum. ignota. 

99) Salix Integra Thunheku ex Murray, Syst. Veget. ed. 11, p 880 
(1784). Thunberg, FI. Jap. p. 21 (1784). Ch. Tanaka in Bull. Sci. 
Fakult. Terkult. Kjusii Imp. Univ. 1: 4, p. 193 (Sept. 1925). Kimura 
in Jour. Fac. Agr. Hokkaido Imp, Univ. XXVI. 4, p. 134 (193 1) (Miyabi. 
& Kudo, FI. Hokkaido & Saghal. IV.). Tatewaki in Trans. Sapporo 
Nat. Hist. Soc. XVI. p. 78 (1940). 

Hab. in Japonia. Kuriles. Ins. Etorohu: Naiho, (B. Ygsimura st. 
12 Aug. 1939). 

Nova civis florae Kurilensis! 

100) Salix japonica Thunberg ex Murray, Syst. Veget. ed. 14, p. 879 
(1784). — Thunberg, FI. Jap. p. 24 (1784); Icon. PI. Jap, Dec. IV. t. 1 
(1802). 

var. angustifolia Kimura in Tokyo Bot. Mag. XLII. p. 573 (1928). 
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Making & Nkmoto. FI. Jap. ed. 2, p. 166 (19J1). Nemoto, FI. Jap. 
Suppl. p. 108 (19H6). Honda, Nom. PI. Jap. p. 42 (1939). 
form. Fauriei (Seemen) Kimiira romh. nov. 

Syn. Salix Fauriei Seemen in Kn(;eeu’s Bot. Jahrh. XXX. Reibl. 
LXVll. p. to (1901): Salic. Jap. p. 18, t. 8, fig. CXF (1903). ‘.M.eveiele 
in Bull. Acad. Intern. Cieogr. Bot, XIV. p. 209 (190t); XVI. p. 119, 162 
(1906). Matsi mdha, Ind. PI. Jap. 11:2, p. 9 (1912). Scdneidek in 
SARr.i:Nr, PI. Wilson. Ill. p. 131 (1916). Koid/umi in Tokyo Bot. Mag. 
XXX. p. 81 (1916)' .- Making & Nemoto, FI. Jap. ed. 1, p. 1122 (1925): 
ed. 2, p. 163 (1931). - Nemoto, FI. Jap. Suppl. p. 106 (1936). Honda, 
Nom. PI. Jap. p. 11 (1939). Syn. nov. 

A var. angusfifolia mihi tantum foliis diuturne sericeis recedit. 

Hah. in Japonia. Honsyu. Prov. Sagami : “ Yamakita, rochers ”, (U. 
Faerie n. 3700 8 Maio 1899).- Vidi isotypum in h(‘rhai*io Univan-- 

sitatis Imperialis Kyotensis conservatum. 

Salix japonica TuuNBEur.ii solum in Honsyu media (paucis (juidem 
[)rovinciis) invenitur ; nominis autem auctor (in Flora sua Japonica pag. 24) 
earn “ iuxta Nagasaki ” crescentem dicit. Haec mentio tamen per erron'in 
facta sit. 

101) Salix neo-fuscata Kim era nom. nov. 

Syn. Salix fu.scata Gorz (non Pursh) in Grossheim, FI. Kavkaza 11. 
p. 7 (1930); in Fedde, Rep. Sp. Nov. Reg. Veg. XXVIII. p. 122 (1930) 
(K. Krause, Beitrage zur Flora Kleinasiens V : 2); ibid. XXXVI. [). 234 
(1934) (Die Gattung Salix in Kaukasien).— Nasarov in Komarov, VI. 
URSS. V. p. 90, 100 (1936). 

Hab. in Gaucasia : Kanly-su, (Massalsky steril.). 

102) Balsamiflua Denhardtiorum (Engler) Kimuka comb. nov. 

Syn. Celtis ilicifolia Engler, Pflanzenwelt Ost-Afrikas p. 160 (1895). 
Populm euphratica Olivier subsp. Denhardtiorum Engler in NotizI)!. 
Kdn. Bot. Gart. Mus. Berlin II. p. 218 (1898): in Sitzungsber. Kdn. 
Preuss. Akad. Wiss. Jahrgang 1901 p. 369 (1904) (Veget. Somaliland); 
in Engler, Bot. Jahrb. XXXVI. p. 252 (1905).— Ascherson in Ber. 
Deutsch. Bot. Gesellsch, XXVI a, p, 358, 360 (1908). 

Populus euphratica Olivter var. Denhardtiorum Gombocz in Math. 
Termcsz. Kbzl. XXX. p. 72 (1908) (Monogr. Gen. Populi). 


L Sprrimina nulla vidi. 
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Populus DcnJiardtiorum Dode in Bull. Soc. Denclr. 1^'rance, 1909, p. 
152 (1909); in Hookkk, Ic. PI. XXXI. t. 5050 (1910). Skan in I). 
Prain, FI. Trop. Africa VI : 2, p. 525 (1917). 

Turanga ilicifolia (Kneler) Kimuka in Sci. R(‘p. lohoku Imp. Univ. 
[ srr. Biol. XIII. p. 587 (1958). 

Kalsauiifiiia ilicifolia (Engler) Kimera in Sci. R(‘p. I'ohoku Imp. 
Univ. 1 ser. Biol. Xl\5 p. 192 (19.59). 

Hah. in Africa tropica. 

105) Salix pentandra 1>. sub p. pseudopentandra Fl()Di:rus in Arkiv I. 
Bot. 20 A, no. (i, }). 57 (1920) | iit (Salix pcmtandra 1..) '^Salix pst'udo- 
pfmtandia n. suhsp.l ; ibid. 25 y\, no. 10, p. 12 (1955). Helten in Kuti^l. 
Sv. V(*t. Akad. Ilandl. 5 ser. V: 2, p. 17 (1928) (FI. Kamtch. & Adj. 
Isl. 11.). Nasarov in Komarov, FI. lIRSS V. p. 20(i (1950) in nota. 

Syn. Salix pcnimidra EAN(;sr)oRFF, Bemerk. aiif einer Reis(‘ nm di(' 
Welt etc. p. 251 (1812). Chamisso in lannaea VI. p. 558 (1851) (juoad 
pi. Kamtscb. Imeman, Verzeich. Tbieren cV P[ianz(‘n ric. p. 5(> (1855) 
<)uoad pi. Kamtsch. Ledeboer, FI. Ross. 111. p. 597 (1850' (pioad pi. 
Kamtsch. Andersson in Kongl. Sv. V(‘t. Akad. Handl. VI : 1, p. 55 
(1807) (Monogr. Salic.) tiuoad pi. Kamtsch.; in l)i: Caneoeii'., Prodr. 
XVH:2, p, 200 (1808) quoad pi. Kamtsch. Heki)i:r in Act. lloi’t. Petrop. 
XI; 2, p. 597 (1891) (PI. Radd. Apet. IV.). Wolf in Act. Hort. Petn)p. 
XXI : 2, p. 179 (1903). Komarov, Voy. Kamtch. p. 251 (1912); V\. 
I Amins. Kamtsch. 11. p. 7 (1929) quoad syn. Nasarov in Komarov, 
FI. URSS V. p. 205 (19.50) (juoad pi. Kamtsch. 

Hal), in Japonia. Kurik's. Ins, Etorohu : Syana, (B. Yommera & 
H. Yokoyama fr. 11 Aug. 1958. IAkeda II. & -Y 1^ 'Rin. 1959. 

B. Yosimura fr. & $ deli. 50 Jul. 1959). 

Nova civis tlorai' Japoniae ! 
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KXr’LK'ATIO TAHULAKLIM 
TAB. X. 

Saltx Kinuyanagi Kimi ra. lypu.**. 

Hamuli amcntifori. 

TAB. XI. 

Salix Kinuyanagi Kimlka, 

Hamulus cum foliis aduUis. 

TAB. XII. 

Salix Ktngni Kimpra. l ypus. 

Hamuli cum foliis el amcntis fructifeiis, 

TAB. XIII. 

Salix Kotci Kim LIRA. Typus. 

|{Hmuli amentiferi, 

TAB. XIV. 

Salix Kotri KiMURA. 

Hamuli cum foliis adultis. 

TAB. XV. 

Salix ainplierista St HNKlDKK. rypus. 
Hamuli cum amenti.s fructift'ns et 
foliis intermediis. 

TAB. XVI. 

Salix amphensta .St hnkiim R. Typus, xl. 





Sci. Hop., lohoku Imp. Univ., Sri“. IV, Vol. XV, PI. XI. 
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EMBRYOGENY OF TORREYA NUCIFERA S. ET Z. 


Masato T ah aka 

Bioloffical Institute, T^hohu Imperial University, Sendai 
With Phtes XVII. XVIII ami 7 texL-tif^ures) 

' Rer(‘i\tMl So|)t<Mnl>rr l.i, 19K) 

Torrcija, k k^‘kus the familv Taxareae is fount) only in ( alifornia. 
Floi'ifla, ( hina and Japan. Kmhryologically two specit's have already 
Ix'en studied, namely F. califomica by Miss Robertson (1904) and T. 
taxifoHa (iy CoHia'ER ant) Land (1905). T. nucifvra is a common tre(‘of 
Japan, hut till now almost nothing has been known regarding its game- 
tophyte and eml)ryo. This year however the material of this plant was 
collected by the present writer, and the main result of investigation is 
now pres(‘nted. 

The mattu’ial was fixed by Navasiiin’s solution aftt;r dipping it into 
formalin-acetic-alcohol (formalin 5, glacial acdic 5, 70 o. alcohol 90) for 
ten ininutc's. Fixation by chrornacetic solution did not givt‘ a good 
result in this plant. Sections mostly 15/' in thickness were stain(‘d with 
Heidkniiain’s iron-alum haematoxylin. For the studv of embryogeny clear 
staining of cell wall is dt'sirable. rtuthenium red was us(nl for this pur- 
[)ose. 

ITe m(‘ioti(‘ division in 
the pollen mother-cells oc¬ 
curs in lat(' April. The 
smi'ar method was used for 
the study of these cells. In 
the first division metaphase 
11 bivalent chromosomes 
were clearly counted (Text- 
fig. 2, a). Miss Robertson 
studied the meiosis in the 
pollen mother-cells of T. 
calif or nicOy but owing to 
bad fixation she was not 
able to estimate the number 



Text-fig. 1- Mitosis in endosperm, a, polar view, 
b, side view. 2200, 
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of chromosomes. She made also an attempt to count the chromosomes 
in the dividing endosperm nuclei and came to the conclusion that probably 
8 was the haploid chromosome number of T. californica. The present 
writer was, however, able to count as many as eleven chromosomes in a 
dividing endosperm nucleus of T. niicifera (Text-fig. 1). One among the 
chromosomes of this plant has ^ distinct secondary constriction. It is 
remarkable that both Taxus and Cephalntaxus hav(' 12 chromosomes in a 
haploid generation (Ismikaw^a, 1916: Sax, 1933; SiitaHAKA, 1940). In the 
germination oi niicros{)ores no prothallial cells are produced (Text-fig. 2, b). 



IVxt-ftg. 2 . a, 1st division mftaphase of the meio.sis in u microsporc mother-cell, 
i), ^germination of a microspore. c. hodv-cell witli stalk- cell ^ucleus and tube* cell 
nucleus, d. mitosi.s in a hodv-cell. e, two sperm nuclei in common cytoplasm 6f a 
bodys'ell- a, x 165l) b-e, X H.'SO. 


The tetrad division of the megaspore mother-cell occurs at the beginning 
of June. The endosperm formation is normal. LoVig tube-like cells radiat¬ 
ing from the centn' are ob.served. 

Fertilization takes place in the middle of August. Just before fertili- 
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zation the nucleus of the hody-cell, which is found at this time near the 
end of a pollen tube, divides (Text-fig. 2, d). The nucleus of the body¬ 
cell is seen always in the upper extremity of the cell. In contact vdth 
the lower extremity of th(‘ body-cell, a tube nucleus and a stalk-cell 
nucleus are observed (Text-fig. 2, c). The two sperm nuclei resulting 
from the division of th(' body-cell nucleus are very unequal in size, the 
smaller one being situat(^d in the upper extremity. Two sperm nuclei 
an‘ found embedded in common cytoplasm (Text-fig. 2, tO. In this respect 
this plant agrees with T. califomiva. In T. tnxifolia, according to (’onia'KK 
and Land a separate mass of cytoplasm surrounding two male nuclei is 
formed. 



.■>, d, milo.Ms »n dll arch<‘^?()niiini to form 
vontral <'anal nucl^’us aiuJ nucleus, h, vvntrul <',mal 
nucleus and cpp nucleus, s Hf)0. 



1. Fertilisation, 
170. 


The mal(‘ nucleus is much smaller than the egg nucleus (Text-fig. 4). 
Dense cytoplasm i^ seem around the upper portion of the fusion nucleus 
(PI. XVII, Fig. 1). As Miss Robertson says, this was probably brought 
by the male nucleus. 

The number of archegonia in each ovule is variable, three being most 
common. In this respect T. 7iucifera resembles T. califomica. LoFi/rEK 
and Land report that in T. Uixifolia a single archegonium is seen in 
each ovule. Before fertilization, division of the central nucleus of tht^ 
archegortium occurs to form ventral canal nucleus and egg nucleus. In 
this division 11 chromosomes were counted (Text-fig. 3). The ventral 
canal nucleus disintegrates soon after its formation. Early writers could 
not see the actual existence of this nucleus in the other species of Torreya. 

Embryonal development soon follows the fertilization. At first 3 
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Text-fi;?. 5. Mitosis in the 
upper tier of a proembryo to 
cut off rosette nuclei. x470. 


simultaneous nuclear divisions take place to form 8 nuclei. Cell wall 
formation begins in the 8 nucleus stage (PI. XVII, Figs. 2-6). It is note¬ 
worthy that in T. taxifolia and T. califomica the initiation of the cell 

wall is seen in the four nucleus stage. 

In T. nucifera the cells of a proembrye) 
are arranged at first in two tiers. The 
number of cells in each tier is indeterminate. 
Before elongation of the suspensor, the ceils 
of the lower tier may subdivide to form 
embryonic initials, the number of which is 
usually four. In the cells of the upper tier 
a wall is not formed on the side towards the 
general cytoplasm of the archegonium. Coulteu 
and Land emphasize the complete filling of the 
egg by the proembryo. But this phenomenon 
is not common to all species of Torreya ; at 
least in T, nucifera the formation of the pro¬ 
embryo is carried out in the basal portion of the egg cell. The nuclei 
descend to the bottom of the egg in the 4 nucleus stage (PL XVII, Fig. 4). 

In the next stage nuclear division occurs in the cells of the upper 
tier of the proembryo to cut off the rosette nuclei (Text-fig. 5) and this 
gives rise to a proembryo consisting of three tiers (PI. XVII, Fig. 7). 
The cells of the middle tier form the prosuspensor, which later elongates 
to enormous length. During the winter, development comes to a rest. 
And at the end of May of the next year the prosuspensor cells begin 
to elongate again. An embryo in this stage is shown in F^l. XVIII, Fig. 
8. Cross sections through different zones of such an embryo are figured 
in Text-fig. 6. 

In early June of the 
second year, divisions of 
the embryonic initials 
begin. The development 
of these cells goes on 
separately and gives rise 
to independent embryos 
(PL XVIII, Figs. 9-14). 

The first division of the 

embryonic initials seems Text-fig. 6. Seri.1 cm*, section, thmugh different 
to be longitudinal. Then zon^s of an embryo in tbe second y«ar growth. x470. 
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divisions of different directions follow one after another. A primary 


suspensor is not formed in this plant 
are observed (Text-fig, 7). Thus T. 
nucifera is characterized by a signifi¬ 
cant cleavage polyembryony. Whe¬ 
ther the same state of things is or 
is not common to other species of 
Torreya can not be determined, no 
definite description concerning this 
point being available at present. 
The occurrence of cleavage poly¬ 
embryony in Torreya is rather 
astonishing, because this phenomenon 
is not observed in Taxus and Cephalo- 
taxus. 

In Torreya embryonal develop¬ 
ment proceeds keeping pace with the 
development of endosperm. So the 
tortuous twisting of elongating sus¬ 
pensor cells, which is very common 
in Coniferales, is not observed in 
early stages of the embryonal develop¬ 
ment. 

CouhTER and Land state in the 
paper above cited, “ In several in¬ 
stances a number of small embryos 
were observed embedded in endo¬ 
sperm about the suspensor region of 
the normal embryo. Our material 
did not permit any determination of 

their origin,.. In the present 

writer s opinion some of them would 
be rosette embryos. As shown in 
figures in PI. XVIII, the development 
of rosette embryo is very common in 


Only numerous embryonal tubes 



7. Four distinct embryos 
attached at the end of a prosuspensor. 
X9(). 


T. nucifera. From the data above 


described Torreya nucifera appears to be the most primitive species of 


Torreya. 


In several cases, sometimes before cell wall formation begins, the 


present writer was able to count diploid chromosome number (22) in 
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endosperm cells (PI. XVIH, F'ig. J5). In what manner such a cell has 
arisen cannot be determined at present. 


SUMMARY 

1. Meiotic division in th(‘ microspore mother-cells occurs at the end 
of April. The haploid chromosome number of this plant is estimated to 
b(' eleven. 

2. Meiotic division in the megaspore mother-cell takes place at tlu‘ 
begining of July. In the endosperm formation long tube-like cells radiat¬ 
ing from the centre are formed. 

2>. In the germination of th(' microspore no prothallial cells are 

observed. IJie nucleus of the body-cell divides just before fertilization. 

At this time th(^ nucleus is situated at the upper (‘xtremity of th(' cell. 
The two sperm nuclei are very unequal in size, tlie smaller oik* being 
found in the upi)er (‘xtremity of th(‘ body-cell. Two sperm nuclei an* 
found in common cytoplasm. 

4. K(*rtilf/ation occurs in the middle of August. Dense cytoplasm is 
found around the upper portion of the fusion nucleus. 

5, After fertilization J simultaneous nuclear divisions ar(‘ carri(*d out. 

( ell wall formation begins at the 8 nuchms stage. The proembryo is 

formed in the basal part of the egg cell. 

(). Usually four embryonic initials are formed at the end of the pro- 
suspi'nsor. Thes (‘mbryonic initials develof) independently into 4 separate 
embryos. Torn^ya nucifera is thus characterized by the clcavag(' poly- 

embryony. In the development of the embryo a primary suspensor is 
not formed. Only numerous embryonal tubes are observed. Ros(*tte 
embryo is very common. T. midfera perphaps may be the most primitive 
sp("(‘ies of Toireya. 
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KXPLANATION OF PLATKS XVII AND XVlIl 

t'ig. 1. Fusion nucleus. Fi/?. 2. Two nucleus stage of a proembyo. Figs. 3. and 4. 
Four nucleus stage. Fig. 5. Third division to form H nuclei. Fig. 6. Eight nucleus 
stage. Fig. 7. Still later stage. Figs. 8~10, Kmbyo development in the second year. 
Figs. 11-14. Independent development of embryonic initials. Fig, 15. Diploid nuclear 
plate in an endosperm cell. Magnification:—Figs. 1-7, x470. Figs. K-10, xOO. Figs. 
11 14, X.360. Fig. 15, X1650. 
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SYNOPSIS 

Tubtfcx i Peloscolex) nomurai is a new a^juatic oligoc haete, obtained at the depth 
of about 425 m. at the bottom of L-ak<‘ Tnzawa, one ol the deepest lakes in Japan. 

A diagnostic description and the result of an anatomical investigation of Tubifex 
(Peloscolex} nomurai are given in this paper And general considerations are briefly 
stated concerning the Tubifexgroup of the Family Tubiticidae. 

INTRODIKTION 

In the present paper, the writers deal with an anatomical study of a 
newly discovered aquatic oligochaete, obtained at the bottom of Lake 
Tazawa, the deepest lake of Japan. This freshwater lake is situated at 
the southwestern foot of Mt. Komagadake in the Ou mountain range in 
the Senboku District, Akita Prefecture. It is a round caldera lake sur¬ 
rounded by a range of low hills. The surface of the lake is 2b0 m. above 
the sea-level, 19.5 km. in circumference and 25.65 km^ in area. The deepest 
point of this lake is a little southwest of the centre, where the depth 
measures 425 m., just 175 m. below the sea-level. The water of this lake 
is a beautiful indigo in colour, approaching nearly the Forelian Colour 
No. 2 of standard colours. In degree of transparency this water is usually 
graded as being in the second place among the lakes of Japan, and in 
the fourth place among the lake-waters of the whole world. 

Several studies have been made of the aquatic oligochaetes, obtained 
from the deep lakes of the world. W. Michaelsen (’02, ’03, ’05 & ’26) 
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expK>recl not only the lakes of Germany, but also Lak(‘ Baikal in Siberia. 
W. B. Benham ('08 a & b) explored every lake of New-Zealand. F. E. 
Beddard (’06) explored Lake Tanp;anyika in Africa, Besides these 
scientists, S. Hrabe (’81) carefully explored Lake Ochrida in the Balkan 
Ptminsula, but, in Japan no report^ had been made of the aquatic olifzo* 
chaetes of the deep lakes, in spite of the abundance of such lakes, vi/.., 
Lake Sikotu, Hokkaido, and Lakes Tazawa and I'owada, Akita Prefecture. 
Prof. Dr. E. Nomura has long been interested in exploring these dec'p 
lakes. He first went to I^ake Taz.avva with Mr. J. Oizumi and obtained 
two immature specimens of the species in the summer of 1988. Mr. J. 
OizuMi went there alone again in th(‘ autumn of 198.8 and suc(‘eede'd in 
obtaining many more immature specimens. Further, Mr. 1. Hamai went 
there alone in June of 1987 and succeeded in obtaining many mature 
specimens. 

The present investigation was undertaken in April of 19!^9 at the 
suggestion of Prof. E. Nomura. The species under investigation is 
closely allied to the spraes of Tuhifex-^rovp described already, but is 
not identical with them. Therefore, the writers give a diagnostic des<Tip- 
tion of- the present species in the following f)ages and beg to propose 
the new name, Tubifex {Peloscolex) nomurai. This specific name is de- 
dicatekl in honour of Prof. E. Nomura, as being the first discoverer of 
the species. 

Before proceeding further, the writers wish to t‘xpress their hearty 
thanks to Prof. E. Nomura for his friendly guidance and to Dr. 1. 
Motomura for his valuable advice during this investigation. The writers 
are, also, indebted to Mr. 1. Hamai for the kind loan of his specimens, 
to Dr. S. Ohfuchi for the free inspection to his library, and to Mr. E. 
Hirai for his helpful friendship in taking photomicrographs. 

DESCRirn'lON OF TUBIFEX PELOSCOLEX) NOMURAI 

Exi ernal Features (Fig. 1): Size of fully grown specimen 7-8 cm. 
long in whole length and 1 1.2 mm. thick in clitellum, the thickest portion 
of body. Number of segments commonly 90- 120 and occasionally though 
rarely MO. Clitellum forming a nearly complete ring, occupying from 
posterior two-thirds of Segment X to Segment Xll. Colour of body-wall 
(except clitellum) in live specimen pinkish-grey and somewhat transparent. 
Colour of clitellum creamy-white and opaque. Prostomiurn prolobous and 
not conspicuous. Each pre-clitellar segment small. Pre-clitellar portion 
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of body only d mm. long. l^ach [)osl-ciitellar segment (except terminal 
portion) consid(*rably larger. In fully mature specimen, cuticular papillae 
iiK'asuring 10 lo/^ in height, pr(*- 
s(ait in clit(dlar portion, espe<‘ially 
dens(‘ around male poic^s. Dorsal 
seta-hundh‘S lying on both dorso¬ 
lateral corners of body, and V(‘nlral 
s(‘ta-bundl(‘s on both V(‘ntro-lateral 
corners. S(‘tae, both dorsal and 
V('ntral, commenc(‘ in S('gment 11. 

Dorsal setae capillary and p('ctinat(‘. 

King to fairly post(a‘ior portion of 
body. P(‘ctinate s(‘ta str('cbes thin 
meml)i-ane b(‘t\\een the two tcTininal 
prongs. Wntral setae Infurcate and 
s)(*nder. No venti'al seta in fully 
maturt* specimen present i)osterior 
to Segment 1\. No i)enial and 
genital s(‘tae pr(‘sent. 

Ini kknal (’nAicxcTKi^s: Mouth 
in Segment 1 and buc(‘al cavity 
reach(\s to th(' anterior end of 
Segment 11. Pharynx in Segments 
II and 111, covered mainly with 
pharyngeal gland. ()(‘sophagus in 
Segments IV VI and in th(‘anterior 
two-thirds of S('gm(*nt Vll. Oesophageal gland in Segment IV. ('hlo- 
ragogue coat commenc('s in Segment VI and intestine in th(‘ posterior 
one-third of Segment Vll. Brain consists of a median and two latcTal 
lobes. Each lateral lobe {producing ant(‘rior larger and posterior smaller 
branches. Anterior nephridia i)aire(l in Segments Vll and Vlll. Posterior 
nephridia commence in Segment XIV, paired. Two pairs of int(*stinal 
hearts connect supra-intestinal vessel to ventral vessel in Segments Vlll 
and IX. Intestinal network of blood-vess(d well-developed. 

Genital organs typical in Tubiheidae (Fig. 2). Testes paired in Seg¬ 
ment X. Sperm-sacs consist of anterior and posterior ones, present along 
the median dorsal line of alimentary tract. Anterior sperm-sac, being 
anterior diverticulum of Septum IX. X, reaches to the anterior end of 
Segment IX. Posterior sperm-sac, being posterior diverticulum of Septum 
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X XI, reaches to the posterioj* end of Segment XIll. Sperm-ducts paired, 
each consists of sperm-duct funn(‘l, vas d(‘ferens, and atrium. Mach sp(‘rm- 
duct funnel ciliated, o()(ms widely, attac'hing the anterior face of S(‘j)tum 

X XI. Each \as d(‘ferens convolut(Tl and continuous posteriorly to atrium, 
UKMSuring about two or more times as long as atrium. Each atrium 
thick-walled, consists of anterior [>art, wider in diam(‘ter, and po^t^'rior 
part, narrower in diamet(T. T.arg(" prostat(‘ gland op('ns to th(‘ middle 
of w'diT part of atrium. Penis prolrusik', without chitinous sfu'ath. 
Paired penial chamhers optTi to th(‘ posterior one-foui*tli of Segment XI 
(m \’entral setal lines, Ovai-ies in Segment XI, {)aircd. ()\isa(‘, l>eing 
|)ost('rior diverticulum of Septum XI XII, reaches to the middle of Seg¬ 
ment XIV. OvidiK'ts paira'd, (‘ach oviduct consists of oviduct funned and 
duct pi’oper. Each oviduct funned attaching th(‘ anteudor lace of Se'ptum 

XI XII, cilliated and ce)ntinuous to naia’ow duct pi'ope*r. Each oviduct 
[)ro{)(‘i‘ short, lying along posterie)!* faea‘ e>f Se‘[)tum XI Xll. ()j)eMiings of 
oviducts present at inteu'segmental furrow he'tweam Segments XI anel XII 



Fig. 2. Schematic re[)r(‘sentation of organs of Tubifcx Pvlosailcx^ 

nomurcUf viewed from left. side. XdU. IX XIV No. of segment; as anterior sperm- 
sa(‘, at atrium of sperm-duct, fv (loatmg vesi(d<\ as ovisac, or ONary, avf oviduct 
fumxd, pc penis, pr prostate gland, ps [)osterior sp(‘rm-sac, sa spermathecal ampulla, 
sad spermathecal duct, sf sp<>rmduet funnel, .sg sjiermuthecal gland, t testis, vd 
vas deferens. 


on ventral setal lines. Spermathecae paired, each spermatheca consists 
of ampullar portion and duct with gland. Openings of spermathecal 
ducts present at the middle of Segment X. Small thin-walled sacs, named 
floating vesicles by ourselves, present within both anterior and posterior 
sperm-sacs, counting 7^9 in number. Posterior end of each floating vesicle 
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havinj^ supposed duet, slender and continuous to th(‘ intei’ior of spcTin-sac. 
H ABU'AT (I'dg. : Oo/y bottom of Lake fazawa, Akita Lra fecturcx 



Lake Ta/awa, \ i<‘\vc(l from noi lfx'asU'rn shoic 

MATI.KIAE AND MErilOD 

d'lu‘ matc'rials used in this investij^ation were* the fixed s[)ecim(‘ns as 
well as th(* liv(' ones, Th(' fixt‘d specimens were chiefly those collectc'd 
by Ml'. I. IIamai in 19.S7. In ord('r to supplennmt 
tli(‘ observation, fr('sh specimens wer(‘ collectiMl in x 

.)un(' and duly of 19!^) by G. Yam AMO ro, one of \ 

th(‘ pres(*nt wiiters.* For collecting purposes a \ 

small dredge with a ro[)e of 1000 m. was apf)li(‘(l in \ 

th(‘ deefxvst part of the lak(‘, when* tin* specimims \ 

are always found most abundantly. And also from | 

th(* same part of the lake rnanv sh‘n(f(‘r tulx^s of / 

this animal w('r(‘ obtained, which were gr(*(‘nish'black ^ J 

in colour and constructed of smooth, thin walls of 
secreti’d mucous cohering with ooze. Ihese tubes 
measured 0-7 cm. in whole length and mostly 1 1 .o ^ 
mm., rarely 2 mm., in caliber, though they were usuallv f 
broken up into a few pieces (Fig. 4). f 

After narcotisation in a dilute alcohol, th(‘ speci- I 
mens were quickly fixed with Rath’s solution without \ 
glacial acetic acid, and then preserved in a \ 

Sfilution of alcohol. For these hardened specimens, 
the sections were made serially, 10/^ or lo// in 
thickness by th(* j)arafhn method, and stained with ^ 

, graph, stiovvmg tube 

Delafield's haematoxylina^osin or by Mallory s connec- Tuhifex {Pvlos- 

tive tissue staining method. colex nomurai. X l.H. 


^ The writers' thanks ar<‘ due to Mr. JcNZi Yamai k for his assistai 


ill eollectini,: th(' 


specimens. 




(;. YAjMAMOTO ANl) K. OK ADA 




ANAIOMY AND HISTDLOGY 
1. SKCMKN I'A'I ION AND ANNULATION OF BODY 

In the specimen sexually matured, the body measurt^s about 7 S cm. 
in length. The thickn(\ss of the body is about 1 mm. in most s('gmenls 
and is about 1.2 fnm. in the clitellum. At th(‘ most anterior end of the 
body is the prostomium, which shows a [n'olohous structure' with a bluntly 
rounded anterior end. 'bhis prostomium is followed by the t)eris(omium 
or St'gmemt 1, which is single and non-annular. Th(' so-called se'condary 
annulation of tlu' body-st*gments is forme'd in Segme'nts 11 V of the pre- 
clitellar segments. Se'gtnent 11 consists of tw'o annuli, the shorter anterior 
and the longe'r posterior annulus. In Segments HI and IV, e'ae'h consists of 
thrc'e annuli. Of th(‘se three annuli, the anterior two are the shortest, 
nearly ecpial in length, the posterior one being a little longer. In Segment 
Y, four annuli are observabh'. The aiiterior two and th(‘ most posterior 
one are shorter, all three Ix'ing n(*arly equal in length, and the third one 
is a little longer. The remaining pre-clitellar hody-segmc'nts are all single 
and non-annular. All these pre-clitellar segments ar(' comparatively short. 
Th(' total length of the pro.stomium and the i)re-clitellar st'grnents is no 
more than d mm. 

Th(‘ clitellum occupies from the posU'rior two-thirds of Segiru'nt X to 
the end of Segmc'nt XII, and forms a neaily complete' ring. The post- 
clit('llar body-segments arise' posterior to Segment Xll. Most of the pe)st- 
editellar segments are notably ie)ng, each of them being generally about 
1 mm. 'Fhe remaining post-clite'llar segments bece)m(' again short near 
the terminal portie)n of the body, which diminishes gradually in thickness 
posteriorlv tenvards the last segment. I’he number e)f segments is from 
90 to 120 in most cases, and occasionally though rarely as much as 1 10. 

IT. si: KAK AND SF/rA-HUNDLFS 

Three kinds of the setae are found in this spi'cies. One kind is 
ca[jillary. These capillary setae, without any sort of spine, measure about 
0.5-0.6 mm. in length. The other two kinds of setae are bifurcate. Of 
these bifurcate setae, on(* has a thin membrane between the two prongs, 
and may be called a kind of pectinate seta. The pectinate setae are of 
an incomplete sigmoid type, no clear nodule being situated. In each 
pectinate seta, the two prongs directed upwards are sharply pointed, and 
are about equal to one another in stoutness. A few stripes hut no special 
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notch are observable in the thin membrane 
between the two prongs, like that of Tvbifex 
ignoiua and of TuHfex barbatus. The length 
of the pectinate setae is discordant, and 
gradually decreases posteriorly (Fig» 5 A). 
Generally speaking, they are one-fourth or 
one-fifth as long as the capillary setae. 
Another kind of bifurcate setae is of the 
so-called sigmoid type, the nodule being 
situated at about the middle of the setal 
length. In each sigmoid seta, the upper 
prong is naturally longer than the lower. 
It is apparent, however, that the difference 
in the length of the two prongs beconaes 
less noticeable in those of the posterior 
segments (Fig. 5 B). The size of -the 
sigmoid setae is a little larger than that of 
the pectinate ones. 

In each chaetigerous segment, four seta- 
bundles, the two dorsal and the two ventral, 
are arranged in the characteristic manner 
of the Family Tubificidae. The paired dorsal 
seta-bundles composed invariably of the 

(A) (B) 

II 

m VII XXIX'' , III V IX 

JF«g. 5. Dorsal pectinate setae (A) and ventral 
muMtt setae <B), x300. Ill, V, VII, IX end XXIX 
setae in Segments HI, V, VH, fit and )pCIX re- 




2 (mature sp.) 
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capillary and the pectinate setae, are situated at both the dorsodatetdi 
corners of each sir^gle segmenti and the paired ventral seta-bnndles cooi- 
posed of the bifurcate sigmoid setae, are situated at both the ventrodateral 
corners of the same. In secondarily annulated segments, each of the longest 
annuli bears these seta-bundles. The number of the setae in each seta- 
bundle decreases posteriorly (Table *1); 

III. BODV-WALL, SEPTA, AND SEPTAL SACS 

The Body-wall. 

The body-wAll of the species is generally thin with the exception of 
the clitellum and the antero-tenninal portion of body. 

The Cuticular Layer, This outermost layer of the body-wall is well- 
developed in the preclitellar portion, and becomes thinner in the clitellum 
and the post-clitellar portion. Irregularly shaped blackish pigment granules 
are scattered annularly in the cuticular layer of the pre-clitellar portion. 
Such distribution of the pigments is onfe of the characteristics of ibis 
species. This pigmented cuticle is thickened notably and measures 20- 
25/^ in thickness (Fig. 6). There are, however, no sensory papillae in 
this pjgmented cuticle, and also there is no sensory cell in the hypodermis 
in connexion with the pigmentation. In the sexually matured specimen,v 
special papillae are formed and arranged irregularly in the cuticular layer 
of the clitellum, especially abundant around the male pores. These papillae, 
in which fine stripes maj^ or may not be present longitudinally, are simple 
in structure and are nothing but die cuticular processes with round or 
flattened ends (Fig. 7). The number of these papillae ©f this species is 
also far less than that of the other species d Pehecokx, 

The Hypodermis. The extra-clitellar hy^mdermis is less than 6 hi 
thickness, thicker in the pre-clitellar portion and thinner in the post- 
clitellar portion, and is a unicellularly arrang^ layer of the hypodermal 
cells. The nucleus of each hypodermal cell is nearly spherical and is 
rich in chromatin granules, deeply staining widi Deltoid’s haematoxylin. 
Vacuoles and small masses of fine granules, are cften present in its 
plasm. The clitellar hypodermis is far thicker than the exti^a-dttellm’ 
one, and measures about 30/< in dikdcness. In cross asotions tfarottg^ 
the clitellum, the outline of the body shows a rounded square, owing tio 
the well-developed hypodermis at the dorso-lateral and veptrofateral 
corners of bodi sides (Fig. 8). The diteUar hypodermis is, also, a uni¬ 
cellular layer, abundantly Intercalated wkh columnar gland cdls and 
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ported by the supportin^^ cells. 'Fhe cytoplasm of this gland cell is rich 
in granules, dec^ply staining with Delaheld's haomatoxylin. 

The Circular and Lon^tudinal Muscle Laijets. Thes(' two muscle 
layers are not well-developed in this species, like those of Tubifex iubifex 
or Tubifex hattai. 

The Peritoneal Laijer. d'he peritoneum is only a thin lining insid(‘ 
the integument of th(‘ speci(‘s and is far less developc'd than that of 
Tubifex hattai. Hk' lateral lines are easily det(‘cted in th(‘ pi’e-clit(‘llar 
portion. They commence in the middle of Segmfmt 111 and rc'ach to 
th(' middle of S('gment V'lll without cessation. In Segimmts \' and V'l, 
iIk'V are ({uite distinct from the peritoneum l)v their peculiarly cellular 
structure'. In Segments 111, IV, Vll and VI11, the\' are closely attache'd 
processes with the peritoneum, and push the longitudinal museT' flhi'os 
aside' (Fig. b). 


cu 



(). 1’hotomicroKi'apli of traiis\'orso scctiun through ])haryn- 

gcal j)()rtiou. > 05. cu cuticle, <lp dorsal pouch of pharynx, // lateral 
liru‘, />//g ))harvngeal glaiul, jyhl lurn<*n of pharynx, shill s('ta-l)undle 
of S(‘gmenl Ill, vn ventral nerve cord. 


ThK SErTA. 

The septa begin at Intersegment 111 IV. In this species, they are 
mostly set obliquely in a constant angle round the intestine, the anterie^r 
end being situated in the dorsal side' and the posterior end in the ventral 
side, while, in many species of Tubificidae described already, the septa of 




(;. YAMAMOTO 


']A0 

the pre-clitellar segments are funne!- 
pos((T'iorly. The mnsrulatur(' of the 
intestine. 
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'I’lii: Skpial Sa(^->. 

Two pairs of s('ptal sacs are 
found only in tli(‘ fullv mature 
specimens. 1 h('se sacs ar(‘ at¬ 
tached to lh(‘ posttM'ioi* lac(\s of 
Septa V AT and VT ATI on i)oth 
si(l('s of lh(‘ venti'al vessel which 
(^xtends its lirancht's iiwidt' the 
sacs, 'riu' wall of ean'h st'ptal 
sac is a striK'turt'lcss thin nKme 
hr'ane. As i'('port(‘d ahaaidy hv 
LA NoMt’PA (TT) in th(' cas(‘ of 
Limnodrilus the anterior 

end of th(^ se[)tal sac is aNo 
adjac(‘nt to the chlorapn)}.iU(‘ 

(‘ells in th(‘ case of Tu^ifox 
{l\‘l(>srol('x) tiomunii. In each 
sej)tal sac, many cells res(‘rnhlin^ 
th(‘ chloi‘ap()^m(' c(‘lls and a hnv 
tuhiih's in a con\'oluted situation 
aie ohserv(‘d tof.^ether with th(‘ 
ahov(‘-mentioned branches of the 
ventral v(‘ss(d (Fi^. 9'. The 

lum(m of the convoluted tuhuh* inside th(‘ sac is hik'd with yellowish 
substances, which may he identical with a metamorphos(‘d fat-body often 
found in various oi'K^bp'^ of many oli^^ochaetes. 

1\. ALIMF.NIAKV SYSIKM 

The Mouth and the Buccal Cavity (I"ig. 10). The mouth opens on 
the antero-ventral end of Segment 1, and the l)uccal cavity reaches to the 
beginning of Segment II. TTie wall of the buccal cavity is homologous 
to the hod\-wall in structure: the innermost cuticular layer is non-ciliat(‘d 
and contains a little blackish pigment, and the hypod(‘rmal laye'r, which 
is constituted of unicellularly arranged columnar cells, is well-d(‘V(doped, 
though the cuticle is thinner and the muscle layers are less-developed 
than those of the body-wall. The posterior end of the buccal cavity is 
in direct (‘ontinuation to the pharynx. 

The Pharynx and the Pharyngeal Glands (Fig. 6). TTe pharynx lies 



a .S('!u*ni.C ic diawin^' of tiansvf'J'so 
scclion thr’oijf^li \'I, illustrating struc- 

luir ot s<‘i»tal sac dot). <tir wall of aliinon- 

taiy tract, rc cclU lound in septal s<ic, eh 
<-ldoi a^^o^ur ( <11, cm circulai inusch', cu ( Uli- 
cular la\ci, h{> In podfu nns, Im lon^^itudinal 
inusclo, /; pf'ntonourn. .stc wall of septal sac, 
if) con\ulut<‘d tul>ul(‘ found in si'ptal sac, rn 
V(‘ntr.d ii<‘i\(‘ cord, rr7> Inanch of ventral 
l>lood \('ss»_d. vv \’ential Mood vessel 
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in Segments II and 111. The lumen of the pharynx shows a A-sha[)(\ in 
cross sections, owing to the formation of its dorsal pouch, and is lined 
with endodermal columnar cells forming a ciliated epithelium, which is 
clearly distinguished from the wall of the hiaxal cavity. The outer side 
of the pliarynge^al waill is covered wdth the thin connective tissue derived 
from the t)eritoneum. Some muscle fihrecs are found at this outer layer. 
The ventral wall of the pharynx is thinne'r anteriorly and thicker pos¬ 
teriorly. The cytoplasm of tht‘ (Midodermal cells of th(‘ pharyngeal wall 
shows numerous line strands running perpendicularly to th(‘ wall. The 
pharyngeal glands are small cell-masses attached density to the dorsal 
and lateral faces of the entire pharyng(‘al wall. Kach (‘ell-mass is com¬ 
posed of [)ear-shaped gland c(41s : th(‘ir proximal ends are i)rolonged into 
small ducts. In each cell-mass, these ducts unite with ea(‘h other and 
form a common duct, w'hich ot)ens to the pharyngeal cavity through the 
inters[)aces of th(' endodermal cells. 

!)(’ pti^' 


hr 


m I)h vn 

Fig. to. Pholomirrograph, .showing anterior en(i of alimentary 
tract in aliout median sagittal se<'tion through anterior terminal 
portion of body. X120. be buccal cavity, br brain, m mouth, p/i 
pharynx, phg pharyngeal gland, vn ventrel nerve cord. 

The Oesophagus and its Appendages, The oesophagus occupies from 
the beginning of Segment IV to the anterior two-thirds of Segment VTI. 
The oesophageal lumen shows, in cross sections, an elliptical shape flattened 
dorso-ventrally. By this peculiar shape of the lumen, the oesophagus is 
distinguished from the pharynx. The wall of the oesophagus constituU^J 
of columnar endodermal cells, forms also a ciliated epithelium, which is 
covered with the muscular connective tissue. The endodermal wall of 
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the oesophaj^Lis is rich in longitudinal foldings internally. Digestive glands 
ar(‘ also found at the dorsal and lateral laces of the oeso[jhageal wall in 
Segm(^nt 1\'. d'h('S(‘ glands mav he called th(‘ oesophag(‘al glands and 
show th(‘ same structure as the pharvng(‘al glands. Some* chloragogiu* 
cells are develojied in S(*gments VI and \dl. 

The Intestine and its Ajppendnges (l"igs. 11 iV 12). d'lu' inte tine 
h(*gins at th(* posterior on(‘-third of Segment Vll. I'he outliiK' of the 
I). ginning i)f)r-tion of th(‘ int(‘stin(‘ is roundish-triangular in ci'oss sections 
H\' this p(‘culiar sha[)(y th<‘ intestine is distinguished ch^arly from thi* 
o(‘>ophagus. 1’h(' outliiK* of th(* intestine in Segment XII h(*comes round 
or ('llii)tical in cross sections. 1'h(‘ intestinal lumen becomes increasingly 
spacious at the postf'rior portion, while, the thickness of th(‘ intestinal wall 
decrf‘as(‘s gradually from Segment XII to th(* last s(‘gment. In the jwrtion 
posterior to Segmi'iit XX, tin* lumen m(‘asur(*s 2o() .200// in calilxM', and 
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of intosUiio in transvcisc s(‘{ tion >■'So <7/ < hloiMgoj.^U(‘ 
coat, (Iv dorsal vcssrl, ?n intestine, siv supra-it)lesi inal 
vc‘Ssel, vn venlr. l nerve cord, vr ventral \ess(d. 

the vvall 20 PO// in thickness. I lu* terminal end of tin* intestint" extrudes 
slightly outside the hod\-vvall and then opens to tht* anus, the anal lip 
resulting there. I'he body-wall of the last segment covers this lip from 
the dorsal and lateral sides. The intestinal wall consists of two layers, the 
inner endodermal (*pithelium and the outer thin peritoneum. This endo- 
dermal epithelium is formed by unicellularly arranged columnar cells. Th(* 
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inner surface of this epithelium is furnished with the sicreled cuticle and 
the rather longs' cilia in comparison with those of the pharyngeal and 
oesophagc'al epithelia. The nucleus of each t'ndod('rmal cell is ellipsoidal 
and takes a nearly central position of th(‘ r(‘ll, one distinct nucleolus 
always app('arin^. d’he intestinal network of blood v(*ssels is wfdl-tleveloped 
in the intestinal wall of SegUKmts VII XX. In this portion, the ca[)illary 
[)lood vessels are intercalated into intersi)ares of the end(id(*rmal cells, 
d’he chlorafrof^^LK' coat be^.(ins at S(‘^on(‘nt VI as stat(d abova*, and is 
welbd('veloped around the int(‘s|irud wall of Segments VI1 XXXV. In 

mor(' [)ost(‘rio!‘ seponents to XXXV, 
tlu' coat becomes i^rarlually indis¬ 
tinct towards the terminal (aid 
of the intestine. d’h(‘ chlorapmgue 
coat is dO If)// in maximum thick¬ 
ness. Th(‘ typical chloiago^nu' c('ll 
i^ club-shaped with the thicker (md 
directed towards the body-cavity, 
as df‘S('rif)ed already by souk' 
authoriti(‘s. The nuc!(‘us of the 
(hlora^o^U(^ c(dl lies alwa>s in the 
distal half of th(‘ cell and contains 
invariably greenish chloragosomes, 
which take no stain with Delafield's 
haematoxyliix'osin or by Mallory’s 
connectiv(' tissue staining method. 
The large and the small type of 
the chloragosom(‘s are always found 
in (Nich chloragogue cell, as stated by 13ixon (’lb) in the case (T Tuhife.x 
tubifrx and Nomuha (’Id) in th(^ case of Lirmiodrilns gotoi. Miu’eover, 
various transitory types of them between the large and the small oik's are 
also found in the case of Tuhifex {Peloscolcx) nomurai. The cell-memlirane 
of the chloragogue cell is structureless and is stained distinctly with the 
aniline blue of Mallory’s staining method. 

V. KXt'RKTOKY SYS'lEM 

The Anterior [or Per-clitellar) Nephridia. A pair of the nephridia 
is found in Segment VII and VIII respectively. Kach anterior nephridium 
consists of a ciliated funnel, a long convoluted tubule, an ampullar portion 
of duct and a duct proper in the order from the anterior to the posterior. 
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The diti^ed funnel ariseg from the front of the anterior septum of the 
said segment, and is continuous to the tubule measuring 3-5 /i in diameter. 
This tubule passes through the anterior septum and enters the ventro- 
lateral coelom of the said segment, where it shows an extensive convolu¬ 
tion fimd then posteriorly contifujes to the duct. The anterior half of the 
duct forms the ampullar portion, measuring about 15 /i in caliber and 
40-50 in length, and the terminal half is the duct proper which becomes 
narrow again. The nephropore opens outside each ventral setal line of 
posterior level of the said segment. 

The Posterior {or Post-cliiellar) Nepkridia. A pair of the posterior 
nephridia is found in the respective post-clitellar segment, and the first 
pair of them begins at Segment XIV. According to the descriptions 
reported already in most species of Tubificidae, the posterior nephridia 
of one side of the body are poorly developed and the paired formation 
of them is generally spoiled to some extent. In the present species, 
however, the posterior nephridia are equally well-developed on both sides 
of the body and the paired formation of them is typically expressed as 
in the case of the anterior nephridia (Fig. 13). The structure of each 
posterior nephridium is almost the same as that of the anterior one, 
although the convolution of the tubule and of the duct proper is more 
extensive in this case. 


VI. NERVOUS SYSTEM 

The Brain and its Nerve Brunches (Fig. 14). The brain consists 
of a central lobe and both lateral lobes, and lies in the prostomium and 
Segment I, the posterior end of the brain often reaching to Segment II. 
The central lobe is an anteriorly swollen mass on the dorsal side of the 
buccal cavity and no ndrve branch is found there. The lateral lobes are 
directly adjacent to both latero-ventral faces of the central lobe. Three 
nerves are branching from the lateral lobe on either side of the brain. 
The lateral prostpmial nerve runs out forwards from the anterior border 
of the corresponding lateral lobe to the pro$tomial wall. The parietal 
nerve is somewhat ^all and runs out backwards from the postero-dorsal 
end of ^e corresponding lateral lobe to the doml body-wall. The peri¬ 
pharyngeal nerve runs out from the postero-ventral border of the cor¬ 
responding lat^al lobe And proceeds downwards along the curvature of 
^ body^wAlI to reach the median wall of ^gment II, where the peri- 
pbao^iigeAl nerve unites with its fellow of the opposite side and then 
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continues to the aiit^rior end of the ventral nerve cord. The iperipharya- 
geal nerve is constituted mainly of nerve fibres and of little nerve cells. 

The Ventral Nerve Cord and its Nerve Branches (Figs. 14 & 15). 
The ventral nerve cord begins at Segment II. In Segments II and III, 
the ventral cord does not give off as branches any lateral nerve but forms 
a segmental ganglion in each segment. This segmental ganglion lies near 
the posterior septum of the respective segment. In Segments IV and V, 
the ventral cord gives off as branches one pair of lateral nerves and 



Fig. 14. 3ch<?i*Mitic representation viewed 
from dorsal side, showing brain and 
anterior part of ventral nerve cord. x200. 
cb central lobe 6f brain, tb lateral lobe of 
brain, pn . parietal nerve, pr lateral pro* 
^mial nem, sg segment!^ ganglion, sp 
septum. 



Fig. 15. Schematic represen¬ 
tation viewed from dorsal side, 
showing ventral nerve cord in 
Segment VI. X200. as anteribr 
septum, gc ganglionic cell, It 
first lateral nerve branch, it 
se(X>n4 lateral nerve branch, Z® 
third lateral nerve branch, pt 
posterior iepUibi, ig se^ntentid 
gangUon. 
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forms «iKf segmental ganglion in each segment. The branching type of 
the lateral ncarves in these segments is usual in Tttbificidae, and each 
pair of die branches runs out laterally from about the middle of the 
ventral cord in the respective segment and innervates the integument of 
the body. Each segmental ganglion in these segments lies also near the 
posterior septum of the respective segment. In most segments posterior 
to Segment V, the ventral cord branches off three pairs of lateral nerves 
and forms one segmental ganglion in each segment. Each segmental 
ganglion lies in the posterior one-fourth of the ventral cord in each seg¬ 
ment. The first two pairs of the lateral nerves are found anterior to 
the ganglion and the third pair posterior to the ganglion in each seg¬ 
ment. These lateral branches, however, are not well-developed in the 
posterior segments. 


Vll. BLOOD-VASCULAR SYSTEM 

The Dorsal Vessel. A large dorsal vessel begins at Segment V; 
At the portion anterior to Segment V, the dorsal vessel divides into 
paired branches. Each of these branches runs through the dorso-lateral 
side of the anterior alimentary tract, and reaches the prostomium. In 
Segments V-X, the dorsal vessel runs longitudinally a little to the right 
side of the median dorsal line of Ae alimentary tract (Fig. 16). At the 
anterior end of Segment XI, the dorsal vessel unites with the supra- 
intestinal vessel and then forms the median dorso-supra-intestinal vessel, 
first named by E. Nomura (’26) in the case of Tubifex hattai. The so- 
called dopso-supra-intestinal vessel runs posteriorly along the median dorsal 
side of the intestine and is covered with the cbloragogue coat. This 
dorsal vessel including dorso-supra-intestinal vessel is the thin-walled blood 
vessel without valve, measuring about 80 /t in maximum diameter of the 
cross section, and gives (rff as branches one pair of lateral commissures 
in most segments. 

The Ventral Vessel. The anterior ends of the ventral vessel, dividing 
also into two lateral branches, commence at the prostomium. Each of 
these branches runs pbsteridrly through the ventro-lateral side of tlie 
brain, of the buccal cavity and of the pharynx, and they unite together 
gt the ventral side of the oesophagus in Segment V, a large venlral 
vesael being formed there. The- ventral vessel runs further posteriorly 
along the median ventral side the alimentary tract (Fig. 16). Besides 
giving. the capillat^ vessels as branches to septal sacs in Segments 
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VI and VII, the ventral vessel unites with paits of the lateral o^mtniasures 
in most segments and with the intestinal hearts in Segments VHI and DC 
This ventral vessel is a thin-walled blood vessel without valve, the diam^er 
of this vessel being a little smaller than that of the dorsiil vessel. Accord¬ 
ing to the description of Tubifex hatiai by E. NoMURA (^26), the atrophy 

of the intermediate ventral vessel is found in Segments VIII and IX. 
Such an atrophy, however, is not found in the ventral vessel of Tubtfex 
tubifex reported by Vejdovsky (’84) and by Dixon (’15). The ventral 
vessel of the present species is similar to that of Tubtfex tubifex. 

The Lateral Cbmmi.ssures. The above-mentioned anterior branches of 
the dorsal and of the ventral vessel are nothing but the modified lateral 
commissures 4n the anterior portion of the body. The first pair of the 
typical lateral commissures, surrounding the lateral wall of the alimentary 
tract, runs out from the dorsal vessel of Segment V downwards in a 

convoluted pathway, and unites with the ventral vessel in the posterior 

level of Segment V. In an almost similar pathway, the second pair runs 
out from the dorsal vessel of Segment VI and unites with the ventral 
vessel at the beginning of Segment VII. The third pair, arising from 
the dorsal vessel of Segment Vll, runs downwards along the lateral wall of 
the alimentary tract in an S-shaped pathway, and unites with the ventral 
vessel in that segment (Fig. 16). In Segments VIII and IX, no lateral 
commissure is present. The lateral commissures in ‘Segments X-XII are 
of a diffcifent type devdoped specially: those in Segment X send out 
many branches to the^ wall of the sperm-sac, and those in Segments XI 
and XII to the wall of the ovisac respectively. The lateral commissures 
in Segments XIII-XV are the connexions between the dorsal and the 
ventral vessel, surrounding again the lateral Wall of the intestine in each 
segment. The remaining pairs of the lateral commissures posterior to 
Segment JfV form the so-called integum^ry comm wares in each seg¬ 
ment, ahd they run downwards along die Curvature of the body-wall from 
the dorsal to the ventrial vessel. At the terminal portion of the body, 
these integumentary commissures are well-developed and form the integu¬ 
mentary network of the blood vess^. 

The intestinal Netiaork of the Blood Veeseli. The intestinal network 
of the blood vessels commences at the posterior half of Segment V, 
From this network, the supra4ntestinal vessel at about the 

of Segment VI and the sub-intestinal vessel at about the middle of 
ment VHI. In Segments V-XU, dm. capaUry Wood vess^ c^natitiiting 
the intestinal network, invade among the interspaces epidml^al ce^s d£ 
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the intestinal wall. In Segments XIII~XX, these caj)illary vessels develop 
suddc'niy to large vessels, which come to form a conspicuous network 
around the inU’stinal wall. At the portion [ro^terior to Segment XX, 
however, the intestinal network IxM'omes gradually indistinct and disappears 
finally at about the level of Segment L. 

The Supra-ifitestitm/ IV.s.se/. Th(’ su[)ra-intestinal vessr'l allach(‘s closc'ly 
to (h(' dorsal sid(' of th(‘ int('s(inal wall of Segments VI-X. In Segmcmts 
\dll and IX, th(‘ supra-intestinal V(‘ssel gives off as branches a pair of 
(he intestinal h(‘ar( in each sc'gnnmt (Fig. Hi). The su[)ra-intestinal vessel 
is cov(T(’d with the' cliloragogue coat, the diameter of this vessel being 
about (M|ual to that of th(‘ dorsal vessel. 

The Suh-intestina! IV.s.sc/. 'Fhe sub-intestinal vessel runs posteriorly 
towards the l(‘vel of SegiiKuit XXX, attaching closely to th(^ median 
v(‘ntt'al wall of the intestin(‘. The sub-int(‘stinal vessel connects also with 
the vamtr'al vess(‘’ by one pair of small bridges in each segment posterior* 
to S(‘gm(‘nt X. These paii'ed bridges between the sub-intestinal and 
V(Mitral vess(‘ls may b(‘ called the ventro-sub-intestined conn('(*tives. 

'The Intestinal Hcart'<, dvvo pair^ of tin* intestinal h(‘arts ara* found 
in this specie’s, b.ach heart is a bulk>’ blood-V(*ssel, forming the’ connexion 
belwe’cn the supra-intestinal v(‘ssel and (he* vemtral vessel (Fig. 1()>. d h(* 
first |)air of hearts arises from the* supra-inle’stinal vesse*) at about the* 
middle of Se’gment \dll, and then encircles obli(pi(*ly the lateral wall of 
the* intestine* in a de)wnwai*d directie)n te) umte* with the ventral vesse*! at 
about the* middle of Segme’nt IX, the* maximum outline of this h(*art in 
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Fig. 1(>. RiM'onslrurtive srh<*nie vievvf‘<i fiuni right illustrating intestinal 

hearts and their allnnl hlood v('ss<‘ls. X r>(). A anterior side, I) dorsal sale, F jxts- 
terior side, V ventral side ot body, V7/, F///, IX and X No. of segment; as anterior 
sperm-sac, dorsal vess(‘l, /?) fir.st heart, second heart, in intestine, /c lateral 
commissure of hlood vessel in Segment VII, sir suiira-intestinal vessel, vv ventral 
vessel. 
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the cross section b<‘ing iissunied a[)proximat(‘ly to Ix' an elliptical shape 
and its two diameleis Ixdnp ineasuiaxl with 200 ■ 100// iKij^. 17 A). The 
second f)air of hearts aris(‘s from the supra-intc^-tinal \'ess(‘| at about the 
middle of S(‘gment IX and runs in an S-shap('d pathwa\ alon^/ the latt'ral 
wall of th(‘ inte^tiiK' to unite with the V(‘ntral I at ab ait tiu' end of 


sM\ 



17. 't wo pliotoniicroxraph*', s|i(>\\ fust A and staond P p.ni' of inU s- 
liriid licaits in tiansvcrsn set tion-. ttnou^h Si'^nncnts Vlll and IX ^ nO ns anU'ior 
spnim-vac, (Iv dot sal v<‘ssnl, //' lloatin^' vesi<l<*, /<, Inst Inant, /i. sfaond licart, ni m- 
t('s(in<‘, // lateial line, s(i spn mallircal ampulla, >/;/A’ snla-hundln of Sot^nu nt I\, sv 
slip!a-intrslinal visstd, i< va-ntial ncMo t-ord, vv \<'nlral 

Se^nK'iit IX. dd)(‘ maximum diamcTer of Uu* st'cond heart in tlie cross 
station is a little smaller than that of tht‘ first heart (Fi^^. 17 IT. I'he 
wall of tlnsse hearts with ntdther special ihicktming nor vaivtx (‘onsists of 
two layers, th(‘ outer cellular peritoneum and the innt'r intima. 

Vlll. c;km r.M. sysi km 

The male gtmital organs of the pn^sent specdes are one pair of test(‘s, 
of sperm-ducts, of penes and of prostate glands, in addition to the anterior 
and posterior sperm-sacs occupying the median position of th(‘ body (Fig. 2h 
The Testes. The testes are paired solid masses of long ellipsoidal 

shape, lying along the hody-wall on both the lateral sides of the intestine 
of Segment X. The anterior end of each testis attaches to the posterior 
lace of Septum IX 'X, and its posterior end extends to about the middle 
of Segment X. No special investment is found around the testis, and 
the male cells in early spermatogenetic stages are liberated from the 



ri;iuri:x (iM'Lo.scoi.kx) NOMriiAi, n. si». 


1 17 

postrro-dorsal si(l(‘ of l(‘,s(is into (lu‘ cavity of sperm-sacs. 

The Sperm-Sacs. 1 h(‘ sperm-sacs arc* tli(‘ lar^e C()(‘Iomic pouches e\ 
paneling out Irom the median dor-al half of Segment X. I1ie‘ anterior 
sperm-sa(‘ is formeel lyv ihe‘ anterie)r diverticulum e)f S(‘ptum IX X and 
extemds to the anterior eaid e)f Segmemt IX. d'he pe)Steu'if'r spe'rm-sac is 
fornuHl hv the posterior elive'rticulum of Se'ptum X XI anel e^xtends to the 
posterior end of St'gmemt Xlll. The* wall e)f tlu^se* spcaan-sacs is epual to 



b IS" IS. Pholoinicro^raph, vhouin^^ postmoi spci in-sa( . spet 
iiiatli(( ill ampulla ami lloalin/L^ \cmc1c in trans\<'rM' '-iMtion thioupli 
ImpiMiimp: of Sf'pummt XII. / 170. c/i cliloiapo^u<* cell, <lr (lorM>' 

'^u[)i a-intcslinal \c'^scl, p’ lloaliuK "'ll !•', me mail* <(11 m s[)('t m-.;ac, 

5/> {loslci lor s[)crm-sa( . st spri'matli<‘< al ampulla, rv vi nOal \(‘ssnl. 

the e)th(‘r septa in strue-ture. althe)ugh the hIoe)d supi)lv fiom the' hranche's 
e)f the dorsal anel vemlral hle)od ve'ssels in Se'gment X is ohsc'rved in the' 
wall of the pe)ste'rior spe‘rm-sac. Ihe mak' ea'Ils lihea'afe^l fiom the" 
testes e*e)mplete their spermateigenesis inside" the*se speumi-sacs. In fae't, 
many male cells in various spermate)gene'tic stage's including the' ripe 
spermato/.oa are found there (Kig. IH). A elirnorphism of the ripe spe'i- 
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mat()/f)a was la^ported hy Dixon ( lo) in tli(‘ case of Tubifcx tubifrx. 
On the rf)nlrary, Gai'KNHY I'HV) d(‘niecl the dimoi phivm of I’ipe spc rnintozoa 
in th(^ sam(' specie^. The pr('S(‘nt writers are und(‘r impression that the 
so-called dimorphism not found among th(‘ full\' matured spc^rmatozoa 
of Tubifex iPx/oscolcx^ uomurai. 

The Sj)cr?n-l)N(:ls. 'TIk* sperm (fucts are the paired organs, lying on 
both th(‘ lat('ral sides of th(‘ intestin(‘ of SeguKuit XI. Ivich sperm-duct 
consists of a sperm-duct (unneh a long vas d('t('r('ns, and an atrium. 

(i\) Till', Si’i:rm- 1)0( T h'l nnki.s. Kach sperm-duct funnel attach(\s to the 
resp(‘Ctive venti’odateral part of th(‘ ant(Tior fac(‘ of Septum \ XI, and 
o]iens widely along th(* curvature of the hody-wall. 4du‘ inner face of 
th(' funnel is furnisli('d with hue cilia, and the outer fac(‘ is coveitd with 
coniKTtive tissue derivi'd from th(‘ peritoiK'um. Inside this funn(4, many 
rija' speimato/oa are airanged in (hTmite ordfu*, with their luxnJ towards 
th(‘ entrance of tlu‘ dud. 

([)) Tin: \’asa Dci'Ckkxtia. Th(‘ i)osterior (md of each s[)erm-duct 
lunnel is continuous to a slender, convoluted vas d(‘f( rens. Kach vas 
d('f(‘r(ms lies g(mei'ally along lh(' doiso-Iateral side of tlu' intestine^ of 
Segment XI, and measures about l.omm. in whole length. The posterior 
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Fig- It). Ph()t(>niicropraj)h, sti )\vin^ vas deferens, airmm, p(‘nis 
and prostate gland in transverse section through middle portion of 
Segment XT. X 120. at atrium, in inti'stine, tp mm'r wall of penis, 
op outer wall of penis, pc penial chamber, pr prostate gland, vd 
vas deferens, m ventral nerve ('ord, vr ventral vessel. 
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end of each vas deferen« reaches to the posterior two-thirds of Segment 
XI (Fig, 19), Each vas deferens frequently winds to the opposite side, 
owing to the extensive convolution. According to the descriptions" given 
by Dixon (’15) and by Nomura (’26), the inner face of vas deferens is 
constituted of the proximal ciliated and distal non-ciliated epithelia in the 
case of Tubifex tubifex and of Tubifex kattai respectively. In Tubifex 
{Peloscolex) nomuraty however, the ]f)resent writers could observe the fine 
cilia through the whole inner face of vas deferens. The cytoplasm of 
the ciliated cells, constituting the epithelial wall of vas deferens, are often 
vacuolated, and their nuclei show peculiar sausage shapes. Furthermore, 
the thin cell-layer covers this ciliated wall of vas deferens. 

(c) Thk Atria. The posterior end of each vas deferens is continuous 
to an atrium, which consists of the anterior, ampullar portion and the 
posterior duct-portion. The ampullar portion of each atrium lies on the 
dorso-lateral side of the intestine, and measures about 0.5 mm. in length. 
This ampullar portion is thick-walled, measuring about 150/^ in diameter 
and about 20/^ in caliber (Fig. 19). Three layers are discriminated in 
tbi'^ thickened wall. The innermost layer is composed of columnar cells 
without cilia. The granules, contained in some of these columnar cells, 
are densely stained with Delafield’s haematoxylin. The middle layer is 
composed of thick circular muscles and is stained with eosin. The outer¬ 
most layer is the covering of connective tissue cells. The prostate gland 
opens at about the middle of the dorsal wall of this ampullar portion. 
The duct-portion of each atrium measures about 0.2 mm. in length and 
30-50in diameter. The wall of this duct-portion is not so thick as 
that of the ampullar pc«:tion. The innermost layer of this duct-portion 
is composed of non-granulated cells. 

The Prostate Glands, The prostate glands are paired large organs, 
occupying the posterior half of Segment XI. Each gland is solid and 
irregularly shaped, and opens to the ampullar portion of the atrium 
(Fig. 19). jEach cell constituting this gland l^s a dense cytoplasm, rich 
in fine granules, and the spherical nucleus, containing a distinct nucleolus. 

The Penes. The posterior end of each atrium is continuous tp a 
fusiform pente,. This penis is kept in the penial chamber, which is formed 
by the'upward invagination of the body-wall at the posterior one-fourth 
oi Segment XI on the ventral setaJ line (Fig, 19). Therefore, the inner 
face of the penial chamber is lined with the cuticular layer. The outer 
wall of the peiiis is continuous to the wall of the penial chamber and is 
^ of ijolumnar hypodermal layer, which is destitute of cuticle. 



450 


G. YAMAMOTO AND K. OKAI^A 


The inner wall of the penis is continuous to the innermost layer of the 
atrium and forms the narrow lumen of duct up to the terminal extremity. 
The interspace is found between these outer and inner layers. The re¬ 
tractor muscle is well-developed at the basal portion of the penis. In a 
retracted Condition, the penis measures 280-300 ju in length. 

The female genital organs of the present species are one pair of 
spermathecae, of ovaries and of oviducts, in addition to an ovisac occupying 
the median position of the body (Fig. .2). 

The Spermathecae. Each spermatheca consists of an ampdilar portion, 
a duct proper and a special gland. 

(a) The SpermATHECAL Ampuixae (Fig. 18). The ampulla of each 
spermatheca lies in the cavity of sperm-sacs, and extends from Segment 
X to XII. This ampulla is sausage-shaped and measures 1-1.2 mm. in 
length, a few diverticula being often added there. The wall of the 
ampulla is thick, measuring 8-10/^, and consists of the inner and outer 
layers. The inner epithelium is composed of cubical cells and the outer 
of flattened cells. In the fully matured specimen, many spermatophores 
are present inside this ampulla. 

(b) The Spermathecal Ducts. The duct of each spermatheca arises 
at the anterior end of the ampullar portion, and opens externally at the 
middle of Segment X on the respective ventral setal line (Fig. 20 A). 
The duct measures 0.2-0.3 nrm. in whole length, and diminishes gradually 
in diameter towards the external opening. The wall of the duct consists 
of three cell-layers. Ihe innermost layer is composed of columnar or 
club-shaped cells and is non-ciliated. The middle is a circular muscle 
layer and the outermost is a peritoneal layer. 

(c) The Special Glands (Fig. 20). A special gland is observed at 
the terminal portion of each spermathecal duct of the present species. 
The gland apparatus in connexion with genital setae has been found in 
some species of Gen. Tuhifex and of Gen. Ilyodrilus, viz., Tubifex barbatus 
(Grube), Tubifex illmtris Ditlevsen, Tubifex iwignis (Eisen), Tubifex 
ochridanus Hrabe, Ilyodrilus sodalis Ei8EN, etc. The spermathecal gland 
apparatus of the present species, however, differs considerably in appearance 
from that of the other species. It consists of three portions, viz., a 
glandular cell-mass, its receptor and a muscle ring between the two. 
The nucleus of each gland cell occupies the distal position entirely. The 
receptor opens to the lumen of the terminal portion of the spermathecal 
duct through a slit-like opening. The wall of the receptor consists of 
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two layers, lh(’ inner thin epithc^lium and the oiitei* vvell-deva'loped’muscle 
layer. 'Fhe muscle i‘in^^ between the f^Iandullar c(‘ll-fnass and its rccept(;r 
is presumed to control the secretion from th(‘ ^land. 



20. ’Two photoinii 1 n^'raptis, sliouin^^ l<'rniinal poiCion of spoi'malhccal duct 
and '^p('nnattweal ^land appaialu^ in IoukiI utiin.d A and tians\('rs(' ‘'(m'ious 

- 2o(). vclatuliillar (‘(dl-nniss of spf'nnallocal inland, rm nni'< |(' rin^; of sjxm inathacal 

^land, s(J -.pnnnathfM ul du< si op<'nin^ of '-pcrniathocal sp poi <' of ^pci inatlncal 

duct. 

The Ovaries. Tlu^ ()\ari(‘s ar(‘ paiiaal solid masses of somewhat lar^nn' 
ellips(d(lal sha[)e than tlu* test(‘N, and li(‘ alonjz the l)o(l\’-wall on l)oth 
lateral sides of th<‘ intestine of S(*gm(*nt \1. I'Ik* anl(‘rior end of (cich 
ovary attach('s to the j)()sterior fac<‘ of Septum X XI, and its j)osterior 
end extends to about the middle of Se^mient XI. Dixox (15) rei)orts a 
central, non-nucleated, cytoplasmic core surround(‘d by d(‘V(‘lot>in^ oocytes 
in the mature ovary of Tubifcx tubifex. In Tubifex {Te.losrolex) nomurai, 
such a cytoplasmic core in th(' centre of th(‘ ovary was not obsca vcal, but 
the dorsal and posterior elements of a given ovary dev(‘loped earlier than 
the others. 

The Ovisac. The ovisac is a large dorso^median pouch, which is 
formed by the posterior diverticulum of Septum XI Xll and is telescoped 
the posterior sperm-sac. The [)()sterior end of the ovisac reaches to the 
middle of Segment XIV. This ovisac is filled up with many developing 
ova containing yolk granules. 

The Oviducts. The oviducts are paired organs, lying at both ventral 
parts of the intersegment between Segments XI and XII. Each oviduct 
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consists of a oviduct funnel and a short duct i)roper. 

(a) Tiik Oviduc r Funnels. Kach oviduct funn(‘l opens at the anterioi* 
face of Septum XI/Xll near the V(mtral hody*\vall, and consists of two 
layers. 'rh(' inn(T' lay(T is constituted of cubical cells furnished densely 
with fin(' cilia. Th(' outcT face of this ciliated epithelium is cover(*d with 
a peritoneal layei'. 

(b) d'liE Duct Fik)1t:u. The posterior end of each oviduct funnel i^ 
(‘ontinuous to the duct propc'r. T his duct pi(‘rces the Se[)tum XI XII and 
runs ventrally alon^ th(‘ post('rior face of that septum. In th(' fully 
matured specinnm, th(' terminal (md of this duct o[)ens externally at tlu' 
intersegnaental furrow between Segments XI aiul XI1 on each vamtial 
s(‘tal line. 

Ib‘sid(‘s the mal(‘ and f(‘male organs intmlioned above, S(‘V(*ral thin- 
walled v(‘sicl(‘s li(‘ freely inside the anterior and posp^rior s[)erm sacs. 
d’h(‘ (unction of these v('sicl(‘s is unknown and aie tentativ(‘ly named 
“floating vesicles” by the present writei's. 

The Floating: Vesicles. Usually 7-9 floating \’(‘sicles are found in th(‘ 
sperm-sacs of mature specimen, and a l(‘ss numbta' of them in those of 
immature' spf’cimcm. Each ve>icle is (ilhul by a fluid substance taking a 
light pur[)le stain with Delafield’s haematoxylin. Each vesicle' is of a 
sausage-shape, about similar to that of the spermathecal ampulla. \ h(' 
wall of ('ach \('sicle is constituted of flattened cells (hdg. 18). Hk' pos- 
tcTior end is prolonged into a shuider, convo]ut(*d duct, d’he* (uid of this 
duct terminates freel>' inside' the sperm-sacs and has no conn(‘xion to any 
other organs nor with the external opening. I he' lumen of this duct is 
filled with yellowish substance', supposed to be a metame)rphosed fat-boely. 
In the case of Haplotaxis gordioides (Hartm.), EuYDie; (IHbbj repe)rts 
hollow and complicated vesicles ce)ntaining a metamoi phose^d fat-body. 
Moreover, he states that these vesicle's may be some modifications of the 
spe'rmathe'ca which are fille^el up with sperms first by the copulation. No 
such vesicular organ has been found in any other species of aquatic 
oligochaetes. This floating vesicle of Tvbifex (Peloscolex) nomtirai seems 
to be somewhat similar to Leydig’s vesicle of Haplotaxis gordioides. The 
writers are of opinie)n, however, that the floating vesicles of the present 
species, having a wall of unicellular structure, are neither a modification 
of spermathecal ampulla nor an artifact producing inside the sperm-sacs. 
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GENERAL CONSIDERATIONS AND CONCLUSION 

Judging from the preceding detailed description, the present species 
should undoubtedly be classified into the Tubifex-group of the Family 
Tubificidae. More than ten species of this group have been so far ob¬ 
tained from deep lakes by Michaelsen and by Hrabe. The present 
species, however, is distinguished clearly from these known species by the 
following characteristics: 

1) The floating vesidet. - Such vesicles have not been found in any 
other species of the Family Tubificidae. 

2) The special gland of the apermathecal ducts. In some species of 
the Tubifex group, the gland apparatus has been found at the terminal 
portion of each spermathecal duct. Moreover, in these instances, the 
genital setae have also been present invariably together with the gland 
apparatus of the spermathecal duct. The present species, however, has 
no genital setae notwithstanding the presence of the gland apparatus of 
the spermathecal duct. 

3) The two pairs of the intestinal hearts. Beddard (1895) and 
Stei-henson (1930) report that the presence of two pairs of intestinal 
hearts is a common characteristic of the Genera Limnodrilus and Clitellio 
in the Family Tubificidae. On the other hand, various other types of 
heart have been reported among the members of the Tubifex-group, two 
pairs of intestinal hearts among them being observed for the first time 
in the present species. The writers are of opinion that this type of heart 
is one of the important specific characteristics of the present .species of 

the Tubifex-group. i 

According to Stephenson’s system (1930), the Tubifex-group was 
classified into three Genera, viz., TuMfex, Peloscx)le.x and llyodrilus. In 
Tubifex and Peloscolex, the length of vas deferens is longer than or equal 
to that of atrium, while, in llyodrilus, the length of vas deferens is shorter 
than that of atrium. Furthermore, in Peloscolex, the papillae are present, 
while, in Tubifex, the papillae are not present. 

In the present species, each vas deferens is comparatively long, being 
about two or roord times as long as each atrium. Small sized papillae 
are alio present, and those only in the clitellum, being densest in its 
ventral half. These poorly-developed papillae in the present species are 
very remarkable. The present ^ecies may be classified into a new species 
of the Genus Pdoscolex after Stephenson’s system. In already known 
species of Peloscolex, however, various kinds of well-developed papillae 
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have been reported so far. Michaelsen (’53) figured the cellular struc¬ 
ture of the “ sensory papillae ” in the case of Peloscolex werescht^chagini. 
Randolph (’92) reports, in the sensory papillae of Peloscolex plicatus and 
Peloscolex veltinius, that several fine hairs were present. Stephenson 
(’22) reports, in the secretory papillae of Peloscolex benedeni, that small 
granules were present. And also, These well-developed papillae are found 
in most segments of both mature and immature specimens, and are always 
arranged in a few rings. For exception, poorly-developed papillae are 
only found in Peloscolex insularis. As stated already, the papillae of 
the present species which have been observed only in mature specimens, 
are certainly simpler in structure and few'er in number in comparison 
with those of the known species of Peloscolex. Thus, the waiters are of 
opinion that the distinction of Peloscolex from Tubifex after Stei>henson's 
system is unreliable and difficult, and that the Genus Tubifex including 
the Subgenus Peloscolex is at)propriateIy opposed to the Genus Jfoodrilus 
among the members of Ta/n/cx-group, after Michaelskn’s (]900j and 
PoiNTNEu’s (1911) systems. 

In conclusion, the present species appears to be a new intermediate 
form between the Genus Tubifex and the Genus Peloscolex, after Ste¬ 
phenson. Therefore, the writers prefer to follow Michaelsen's system 
and beg to introduce as a new sp<^cies, Tubifex {Peloscolex) nomurai. 
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1. INTRODIK TION 

Most members of the Family Cynipidae are known as gall-makers, and 
their biology and bionomirs have been reported upon by many writers. 
But in the same family then' are also entomophagous groups expressed 
by such subfamilies as Kucoilinae, Figitinae, and Fharipinae. The Eucoi- 
linae and the Figitinae are parasitic childly upon Diptera, and the Chari- 
pina(‘ are known to attack aphids and coccids. During the lift* history of 
the (*ntomopbagous (’ynifiidat*, hypermt'tamorphosis is known to occur as 
in some other [)arasitic Hymenoptera, but our knowledgt* regarding this 
subject seems to be rather scanty. Keii-JN and Pi.umnel (191,‘b. in their 
studies of Eucoiln, were the first to descrilie the primary larval form of 
the entomopbagous Cynipidae. Havii.and (192d) gavt* some account on 
the early larval stagt* of Charips, and James (1927) made a report on 
the same of Cothonasjns, Kleidotmna and Figites, and contributed many 
new and interesting data. But no detailed reports on the metamorphosis 
and the biology of the entomophagous C'ynipidae have yet been publisherl 
and many problems which should be studied have been left untouched. 
In this paper I shall deal with a new species of Japanese Kleidotowa 
making special reference to its larval forms in their early stage and also 
to its life history. The new species which 1 am going to describe in 
this paper is named Klcidotoma japonica and is parasitic upon the larva 
and the pupa of a dipterous fly, Scatella calida which lives in hot springs. 

' Before proceeding further, I wish to express my hearty thanks to 
Prof. Dr. Sanji Hozawa under whose direction and encouragement my 
investigations have been made. 1 am also greatly indebted to Prof. Dr, 
T. IsHii and Prof. Dr. Y. Okada for their helpful ^suggestions and for 
their kindness to me in the course of the identification of the present 
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species. I wish also to take this opportunity to thank Mr. S. Kinoshita, 
and Mr. K. Turin for their assistance with regard to the literature con¬ 
cerning this species. I am also grateful to Dr. R. K. Start, Rev. P. S. C. 
PowLES, Assist. Prof. Dr. 1. Motomura and Mr. M. Kato for all their 
kindness expressed to me during the course of the present study. 

II. MATERIALS AND METHODS 

The observations were made during the period extending from the 
beginning of June to the end of July, 1937, at Tubarae hot spring, 
Niigata Prefecture. Tuhame hot spring is located at the foot of Mt. 
Myoko. Kleidotoma joptmica is parasitic upon the larva and the pupa 
of Scatella calidcis a fly which lives in hot springs of acidic nature. The 
larvae and pupae of this fly infested by Kleidotoma japonica were collix:t(Ml 
in shallow hot spring water, and the adults of Kleidotoma were chiefly 
reared in the laboratory, though some were obtained in the field. Dis' 
sections were made under a microscope in order to obtain the eggs and 
the larvae of the parasite from the body-cavity of the host. For the 
morphological observation of the eggs and larvae living materials were 
chiefly used. The histology of the gut was studied by cutting sections. 
Carney’s and Boin’s fluids were used as fixatives. The sections were 
stained by Delafield’s haematoxylin and by Heidenhain’s haematoxylin, 
being counterstained respectively with* eosin and orange G. In measuring 
the eggs, the larvae and the pupae, the living specimens were used. 

III. NOTES ON THE HOST FLY, SCATELLA CALIDA MATSUMURA 

The larvae of Scatella calida, live in shallow streams and pools of 
hot springs of acidic nature (Text-fig. 1, 2). The adult flies swarm on 
the surface of the water of the hot springs, and also on the surfaces of 
stones and pieces of wood half submerged in the water of the same. 
The adult is a small fly, measuring about 4 mm. in the total length. 
The egg is kn elongated oval in shape, measuring 1.1 mm. in length and 
0.3 mm. in weadth. The egg is milky-white in colour, and its surface 
shows a minute network of uniform appearance. The eggs are laid 
usually in a mass containing from 20 to 30, being rarely deposited one 
by one. The egg masses thus laid are usually attached to such objects 
as stones, pieces of wood and dumps of moss half submerged in the hot 
spring. The larva, newly emerged from the egg, is a small maggot, 
measuring about 1.5 mm. in length. There are three stages in the larval 
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history, as shown distinctly hy lh(‘ nu'asurcnncnts of tin* c(‘|)halo()haryng('al 
sk('l(‘tons. 'riu' lull ^rown larva nK'asur<‘s about o mm. in l('n}4th. It is 
a maggot of a milky-whil(' colour and of cylindric'al form wilh th(‘ dorsal 
and th(‘ V(mtral surfac(‘ slightl\’ flat. larwu' f(‘(’(l clii(‘ti\' upon diatoms 

growing in the hot ^[irings. d'hc pup.irium nu'asuK's aliout l.omm. in 
length. d'h(' colour of th(‘ puparium is a yeI!owish-hr()wn at liist, hut it 
turns gradually to a dark hrown d’he laiva(' and tiu' adults mav he 
seen in great numlxa-s in .luiuc .)ul\' and August, hut as the autumn ad¬ 
vances, th(‘y graduallv d('cr(‘as(‘ m numlx'r. Most of tlu' tlass pass the 

winter in th(' forms of larva and pupa, though some attain to th(‘ adult 

form. I'h(‘ t(anp(‘ra1ur(‘ of tlu' hot springs in which lh(' lar'va ol this 
fly live, rang(‘s from dO (' to ld(' and th(‘ pi I of tli(‘ sjirmgs, rangi's 
from 1.0 to 6.0. 

Scat(‘lla calula has dlso h(*(‘n found in th(‘ hot springs at Jo/ankei 
(Mats! Mi’KA, I ft 17), and at Sarukura (Okada, lOdth. 

'fhe femah' of Klcidittonui japotiica (h'posits on(‘ ('gg into the hod\- 
cavitv of the larva of ScatcHa calida, wlum that larva is in lh(^ first or 
the sc'cond stage. d1i(' host-lar\a thus mf(‘>t(>d (ontinues its (hwelupiiumt 
without showing anv ohstrudion (*auscd (‘ither hy tlu‘ ('gg laid in it, or 
hy the young larva when hatched from th(‘ egg, and it hecom(‘s full-grown 
and then put^ates. Whem the full-grown larva of th(‘ host has pujiatt^d, 
the parasite devours tlu^ host pu[)al-hody compl('t(‘ly, l(‘av'ing only th(‘ 
puparium, and then it pupates itself in th(‘ puparium of tht‘ host. It 

is ditiicult to distinguish hv e\t('rnal appeai ancf' wh( th(U' th(‘ larva of 

Sratclla rnlida is invested or not hv Klvidotoinn. Hut wh('n th(‘ host larvae 
ar(‘ examined und(‘r a mi(’r()S(‘ope, the (‘gg or (he (‘arly-stag(' larva con¬ 
tained in the hody-cavity mav he detect('d und(‘r (he skin of tlu' host. 

IV. l)i:.S( UIPTIOX Ol- KLFADOroMA J/l/Y>A7rVl, N. M' 

IMs. XIX XX, logs. 1 ]() 

Klcidolorna j(i})()nica, n. s[). 

hVmal(‘ Shining hlack in g(‘n(‘ral. An(enna(' dark hrown. Wings 
hyahiKg vahns dark ()i’own. ]>('gs hrown excc'jrt coxa and femur which 
are dark hrown. 

Head slightly longc'r than wid(‘; clica'k with a line' furrow and soft 
hairs : com[)ound (‘vc's, nearly round ; ocadli arrangcal in a slightly flatt(m(‘d 
triangle. Mandibkvs broad, with hristh's on the surface' : tridentate, th(‘ 
apical tooth the larg(‘sl. Maxillae with large llcshy galea ; stipes elongated 
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oval, with hairs on the surface; maxillary palpi composed of five joints; 
the basal joint the smallest; the second and the third joints short and 
thick ; the fourth and the fifth joints nearly equal in length, and about 
twice as long as the second or the third joints ; the fifth joint with bristles 
and a smcdl papilla, one of those bristles very long. Labial palpi composed 
of two joints, of nearly equal length ; the second joint with short bristles 
and papillae at its apical end ; glossa and paraglossae with hairs. Antennae 
1.16 mm. in length, about two-thirds as long as the body-length, each 
joint with short hairs and some slight ridges. Antennae composed of 
thirteen joints, measurement of each joint is shown as follows. 

t 2 3 4 5 () 7 « 9 10 11 12 1.3 

joints. 

Lenj?th of 

joints in 0.130 0.000 0.120 0,065 0.065 0.065 0.075 0.080 0.080 0.095 0.095 0.095 0.120 

n^m. 

The first joint large, slightly curved, with a narrow base and truncated 
broad end ; the second globular, nearly as long as broad ; the third 

long and slender, twice as long as the second ; the fourth much shorter, 
nearly half as long as the third ; the seventh half-clubbed ; the eighth to 
thirteenth joints distinctly clubbed ; the thirteenth larger and broader 
than the previous joints. 

Thorax 0.65 mm. in length and 0.40 mm. in breadth. Mesonotum 
convex above, with a few greyish hairs on the surface ; parapsidal furrows 
obsolete. Scutellum longitudinally striated, with six to seven bristles on 
each margin. The cup longish oval, pointed at the base and rounded at 
the apex ; with a small round depression near the posterior margin and a 
pair of long bristles on the middle part ; basal fovea large, deep, separated 
by a sharp keel which runs from the cup. 

Abdomen 0.77 ram, in length and 1.36 mm. in breadth, compressed 
laterally with no hairs; the second segrrtent large and long, occupying 
about three-fourths of the total length of the abdomen ; the ba.se of the 
abdomen with thick tufts of yellowish brown hair on each side. 

Fore wing 1.60 mm, in length, slightly longer than the abdomen, the 
margin thickly fringed with long hairs, the surface covered densely with 
short hairs; the appex almost truncated, but very slightly incised ; radial 
cellule -elongated, in length nearly two and a half times the breadth; 
radial cellule opened at the fore margin, the under margin of the cellule 
highly angled ; the second abscissa of radius about half as long again as 
the first; cubitus incomplete, appearing a light brown line; median vein 
obsolete. Hind wing fringed with long hairs on the apex and on the 
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hind margin ; the surface of the wing densely ciliated. 

Fore legs slender, with greyish hairs; coxa truncated at the base, in 
length about twice as long as coxa at the middle part ; tibia as long as 
femur, with a forked hook at the extreme end ; the first joint of tarsi 
as long as the sum of the following three joints, with about twenty combs 
on the inner side ; the fifth longer than the previous joint, with a pair 
of claws at the extreme end. Mid legs slightly longer than the fore 
legs; coxa (dongated oval, in length about twice as long as the breadth, 
tibia with a pair of spurs at the apex. Hind legs much longer than the 
fore and the mid legs. 

Length of body. 1.7 mm. 

Male Antennae 1.70 mm. in length, slightly longer than the body- 
length ; the number of joints fifteen ; the third joint larger and thicker, 
about a half as long again as the fourth ; the following joints not clubbed 
as those of the female. 

Length of body. 1.60 mm. 

Host. - The larva and the pupa of Scatella calida Matsumiira. 

Habitat. ~ Tubame hot spring, Niigata Prefecture. 

Type in the author's collections. 

V. BIOLOCaCAL NOTP.S ON THE ADULT OK KLFJDOTOMA JAPONICA 

The adults of Kleidotoma japonica are usually found near the shallow 
hot springs where the larvae of Scatella calida live. They are found 
most abundantly in places where moss-patches cover the rock, and little 
streams of water from the hot spring pass among them. The powers of 
flight of the adult fly are rather poor and the present writer hardly 
observed any of them flying about in the field. This would be due 
partially to the conditions of the environment which is very moist on 
account of the hot springs. 

As will be seen from the description given above, the sexes of the 
adult fly may he easily distinguished by the lengths of the antennae. 
The mating takes place normally shortly after the emergence. The male 
chases the female, mounts on her body, and then bends the abdomen, 
inserting its tips in the genital opening of the female. The mating was 
observed in the field as well as in the glass tube within which the adults 
were reared from pupa. Copulation usually lasts for a few seconds. 
The writer was not able to observe the oviposition habit of the female, 
but it seems to be certain that she attacks the larva of Scatella calida 
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either in the first stage or in the 
second stage, and deposits one 
egg in it. The newly-laid egg is 
usually found in the body-cavity of 
the first or the second stage larva 
of the host. The adult of Kleido- 
toma japonica emerges from the 
puparium of the host-insect in 
which its pupal stage has been 
completed. When the adult fly 
emerges from the puparium, it 
makes for exit a circular hole in 
the wall of the puparium by means 
of its sharp mandibles. The hole 
for exit is generally circular in 
form, measuring about 0.7 mm. in 
diameter (Text-fig. 3, A, R). The 
hole is usually localized on the 
dorsal side near the anterior end 
of the puparium, but occasionally 
it is made on the lateral side. 

VI. THK fx;g 
(PI. XXI, Firs. M, Jo? 

The egg (Rl. XXI, Fig. 15) is 
an elongated oval in shape and is 
provided with a peduncle. It is 
0.42 mm. long and 0.12 mm. broad. 
The peduncle is v(Ty narrow and 
is about half the length of the 
egg. The egg has a smooth sur¬ 
face and is milky-white in colour. 
The egg is laid in the posterior 
part of the body-cavity of the host, 
without Jbeing fastened to anything 
(Text-fig. 4). The eggs of the 
entomophagous Cynipidae which 
have been hitherto described are 
all pedunculated as are those of 



Text-fig. (J. l^upana of Scotello cnluia 
.showing holes of exist through which adults 
of Kleidntoma japonica have escaped. lo. 
A. lateral vi('w. H. dorsal view. 



lext-fig. 1, Posterior part of the larva 
of Scatetla calidn, showing the position of 
egg of Kleidotoma japonica deposited in 
the hody cavity. x5(). eg egg. 
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the other Cynipidae and of certain Chalcids. The ovarian egg of Eucoila 
keilini is described by K^ilin and Pluvxnel (1913). It is an elongated 
ov^l in shape with a long peduncle measuring about twice the length of 
the i|^g-body. James (1927) observed the egg of Figites anthomyiarum 
which had been laid in the body-cavity of a maggot. This egg was of 
a typical cynipid type with an elongated body and a peduncle as long 
as the body, but there was a constriction about the middle of the egg- 
body. In our species, the constriction of the egg-body was not observed. 
HavilaND (1923) describes the egg of Charips, which is an oval body 
with a short peduncle. As the development of the embryo proceeds 
inside the egg, the peduncle of the egg gradually degenerates and be¬ 
comes more or less withered. Just before the time of hatching, the 
young larva can be observed through the chorion of the egg. The head 
of the young larva is directed towards the anterior pole of the egg, 
where the peduncle is attached, three pairs of the thoracic appendage 
are arranged on the lateral side of the body, and the long caudal ap¬ 
pendage is situated ventrally pointing towards the head (F^l. XXI, Fig. 11). 

Vn. THE LARVA 

1. The First Stage 
;P1. XXI, Figs. 16-19) 

As in other entomophagous Cynipidae hitherto known, hypermetamor¬ 
phosis takes place in the life history of the present species. The larva 
of the first stage (PL XXI, Fig. 16) is a eucoiliform larva. This type 
of larva was first described by Keiun and Pluvinel in the ca.se of 
Eucoila keilini, an endoparasite of Pegomyia tvinthemi Meigen. The 
distinguishing features of this type are the presence of three pairs of 
thoracic .appendages and of a long caudal appendage. The larva of the 
first stage measures 0.55-0.65 mm. in length and 0.15- 0.25 mm. in breadth 
at the broadest part,' The body is milky-white in colour except the middle 
part which is yellowish on account of the gut content. 

The larva possesses a hv^ad and a body with twelve segments, the 
posterior segments of which measuring 0.17 mm. at the level of the mouth 
parts. The oral opening lies on the surface of a large rounded proboscis 
and is surrounded by several papillae (PI, XXI, Figs. 18, 19). The oral 
opening is nearly oval in shape, measuring 0.028 mm, in breadth. 

Inside the proboscis there may be found a pair of long slender 
mandibles 0.017 mm. long. The mandible is strongly chitinizedt and its 
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extreme end is sharply pointed. The mandibles are attached by large 
muscles with which they move fn^ly. Behind the mandibles and in the 
middle of the oral cavity there may be seen a small beak-like sclerite. 
Its extreme end is sharply pointed and is curved ventrally like the beak 
of a bird. The beak-like sclerite is also attached by a large muscle by 
which it moves upwards and downwards. The mandibles and the beak¬ 
like sclerite may be the main organs by means of which the laiva sucks 


the body-juice from the host. The head bears 
two pairs of sens^)ry processes on the ventral 
surfaces, situated, one anteriorly, and the other 
posteriorly, to the mouth. The latter is furnished 
at the extremity with a transparent spot which 
seems to he sensory in function. Each of the 
first three bo<ly segments forming the thorax, has 
a pair of long appendages. The thoracic appen¬ 
dages measure 0.07 - 0.08 mm, in length and are 
furnished distally with minute setae. The body- 
segments diminish in breadth posteriorly, and the 
last segment bears a long caudal appendage. Ihe 
caudal appendage measures 0.17 mm. in length and 
is armoured with a pair of prominent projections 
in the base and distally with a number of small 
setae. James (1927) states that the thoracic ap¬ 
pendages and the caudal appendage of eucoiliform 
larvae are of great use when the larva escapes 
from the egg. But the present writer did not 
have the opportunity of witnessing the hatching 
of the larvae from the egg and thus was not able 
to ascertain the function of the appendages. The 
anus opens on the postero-dorsal surface of the 
body near the base of the caudal appendage. 
The anus (PI. XXI, Fig. 17) is large measuring 
0.038-0.045 mm. diameter and is of peculiar struc- 
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Text-fig. 5. First 
stage larva just betore 
the Hrst moulting. Se¬ 
cond stage larva can 
be seen through the 
skin of fir'll stage larva. 


ture being rounded by a ring of chitinous spines. A number of long 
spines concentrate from the periphery towards the centre of the anus 
and thus have an appearance somewhat like a spiracle. The larva is 
curved ventrally with the tail slightly bent to form a small angle with the 
abdomen. Just before the first moulting, the larva of the second stage 
can be seen through the old skin of the larva the first stage (Text-fig. 5). 
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2. The Second Stage 
> PI. XXII, Firs. 20-221 

The larva of the second stage (PL XXII, Fig. 20) is somewhat 
cylindrical in general form and measures 0.70“1.50 mm. in length and 
0.18“0.40mm. in breadth. The cFiaracteristic feature of this stage is the 
ab.sence of the three pairs of thoracic appendages and of the long caudal 
appendage, both of which have been seen in the larva of die first stage 
or the eucoiliform larva. The head is rounded and the mouth opens on 
the ventral surface of the head (PL XXII, Fig. 21). The mouth-parts are 
quite different from those of the larva of the prece^ding stage. Namely, 
the rounded proboscis and the beak-like sclerite observed in the first 
stage cannot be seen in this .stag(‘. The mandil)le is longer and more 
thickly built, with the extreme end slightly pointed. Under the mandibles 
there are maxillae and labium, both of which are fused together. Using 
the mandibles, the maxillae and the labium, the larva takes the body-juice 
of the host into its pharynx. The body is jointed with twelve segments 
diminishing gradually in diameter posteriorly. The last segment is a 
little longer than the preceding ono and bears a short caudal appendage 
(PL XXII, Fig. 22). The posterior end of the body is usually curved 
more or le.ss dorsally and near the posterior end of the body there opens 
the anus dorsally. The anus this stage is different from that of the 
first larval stage. It is transversely oval in shape, and it is not furnished 
with spines as in the case of the first larval stage, and it measures 0.04 
mm. in length and 0.07 mm. in breadth. The larva of this stage can 
be found in the body-cavity of the third stage larva or in the pupa of 
the host insect. 


3, The Third Stage 
(PI. XXII, Figs. 23, 24) 

The larva of the third stage (PL XXII, Fig. 23) is nearly similar in 
general appearance to the larva of the second stage except as regards 
its size which is larger. It measures 1.70-2.30 mm, in length and 0.80- 
0.90 mm. in breadth. The body is an elongated oval in shape and the 
posterior end is less pointed than in the case of the second stage. The 
mouth-parts are nearly the same in structure as those of the second stage, 
but a pair of slight swellings of area antennalis are observable on the 
dorsal surface •f the head (PI. XXII, Fig. 24). The anus which opens 
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near The posterior end of the body is smaller than that of the preceding 
stage and is slit-like-in shape. The larva of this stage was observed inside 
the pupal body of the host. 

4. The Fourth Stage 
:P1. xxni. Figs. 25 , CC; 

The larva of the fourth stage (PI. XXIII, Fig. 25) is like a grub in 
form, measuring 1.9-2,8 mm. in length and 0.9 1.2 mm. in breadth. The 
mandibles are strongly chitinized, the apex being sharply pointed and 
dark brown in colour (PI. XXlll, Fig. 26). The tracheal systc'm is i)rovided 
with three pairs of spiracles opening on the second, third and fourth 
segments. The anus appears as a slit-like opening as in th(‘. preceding 
stage. The larva of this stage can be seen in the puparium of [ho host 
insect. 


5. The Fifth Stage 

PI. X.XIII, Figs. 27 HO 

The larva of the fifth stage. (PI. XXlll, Figs. 27. 80) is a somewhat 
plump legle.ss. hymenopterous grub of th(* usual type. TIk* full-grown 
larva measures about 2.5 mni. in length and 1.0 mm. in breadth and the 
colour is milky-white with the inP^gument smooth. It posses.ses a distinct 
bead and twelve body segments. The ht‘ad is neai’ly oval in shape, being 
about 0.80 mm. long and (185 mm. broad. From the front the head 
capsule is seen to be divided dorsally into two lobes. On th(‘ conv(‘x 
surface of each of , these lobes is a small rounded elevation of area anten- 
nalis representing the distal end of the antennal rudiment. The mouth 
opens on the ventral side of the head. The labrum is nearly oblong in 
shape, nAeasuring 0.14 mm. in breadth and is furnished with a few papillae 
near the margin. The distal end of the labrum is free from the h(^ad 
capsule and its margin is slightly indented in the middle. The mandible 
is large and strongly chitinized, the colour being dark brown. It measures 
0.07 mm. in length and bears from nine to ten dents. The base of the 
maxilla is rounded and bears a small disk, upon which there are three 
minute papillae. The apex of the maxilla tapers and is directed inwards 
the mouth-opening. The labium measures about 0.06 mm. in breadth apd 
bears a papilla on each side (PI. Fig. 30). Nine pairs of spiracles 

are present, one pair belonging to each segment from the second to the 
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tenth segment inclusive. They are located at the same level on each 
segment, about half-way between the dorsal mid-line and the ventral 
suture, and lie close to the anterior edges of their respective segments. 
The last abdominal segment bears the anus which appears as a slit-like 
opening. The full-grown larva having devoured completely the inside of 
the pupal body of the host, becomes motionless and experiences a short 
resting stage. This may be a so-called prepupal stage. In this stage 
the body of the larva becomes more elongated than that of the active 
full-grown larva. In this stage the second segment of the body is wide, 
provided with a voluminous protuberance on each side, the third and the 
fourth are rather narrow, while the fifth and the sixth increase in breadth, 
and the following segments diminish in breadth posteriorly. The prepupa 
casts its old skin and then pupates within the puparium of the host. 


6, The Alimentary System 

The mouth of the larva of the first stage is of suctorial type. The 
larva sucks the body-fluid of the host by means of its mandibles and 
beak-like organ. The alimentary canal (Text-fig. 6, A) comprises a short 
and slender fore-gut, a voluminous mid-gut and a swollen hind-gut. The 
oesophagous is a slender cylindrical tube which opens with a small valve 
to the mid-gut. The mid-gut is a voluminous sack occupying the greater 
part of the body-cavity. The hind-gut is globular in form, bearing a 
large lumen inside. This is enclosed by modified cells and opens exteriorly 
through the spined anus. As in the cases of other hymenopterous larvae 
of early stages, there is no communication between the mid-gut and the 
hind-gut. When the living larva of this stage is stained with neutral-red 
or methylene-blue, the hind-gut will be soon coloured with the stain 
readily entering through the anus before any other part of the body is 
affected. The salivary gland comprises a pair of slender cylindrical tubules 
extending from the second .segment halfway down the body. At the 
second segment where the gland begins each gland opens cephalad into 
a thin-walled duct running to the head region, where it meets its mate 
from the opposite side. The two ducts above mentioned unite to form 
a common duct which opens to the mouth. The Malpighian tubules are 
two in number and are exceedingly short. They lie on each side of the 
hind-put and communicates with it through a common opening. 

The alimentary system of the larva of the second stage (Text-fig. 6, B) 
is of the same features and position as that of the first stage. But the 
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Text’fig. 6, Alimentary system of the larva. A, First stage larva. B. Second 
stage larva. C Fifth stage larva, h.g hind-gut; m.g mid-gut; rn.t Malpighian tubule; 
o oesophagoua; s.g salivary gland. 


salivary gland is more elongated, its extremity reaching to two-thirds of the 
body-length. In the larvae of the later stages the hind-gut becomes smaller. 
In the fifth larval stage, the hind-gut is narrow and is divided into thiee 
parts, that is, the upper narrow part, the middle enlarged part, and the 
lower narrow part (Text-fig. 6, C). The walls of the mid-gut are lined 
with a thick epithelium. The cells composing the epithelium closely 
resemble each other, appearing in a large polygonal form. Each epithelial 
cell observed in the larva of the last stage contains two nuclei, measuring 
24“36/U in diameter (Xext-fig, 7). The cells composing the wall of the 
salivary gland (Text-fig, 8) are also large, bearing nuclei measuring 15~ 
24 ^ in diameter. The wall of the Malpighian tubules (Text-fig. 9) con¬ 
sists of a single layer of epithelial cells, bearing large nuclei of 30-45 
diameter. 
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7. Kpithelial cells 
of mid-jfut of the fifth sta^?e 
larva. X 120. 



Text-fi;?. S. Cross section of 
salivary gland of the fifth stage 
larva. X 400. 



T ext-fig. 9. ( ross section of 

Malpighian tubule of the fifth 
stagi‘ larva. x270. 



Text-fig. 10. Cross section of 
hind-gut of the fifth st^ige larva. 
X 500. 


7. Tracheal System 

In the larvae of the first and the second stage, there is no indication 
of the tracheal system. Rut in the same of the later stages the tracheal 
system is gradually developed and becomes functional. The tracheal system 
of the larva of the fourth stage (Text-fig. 11, A) consists chiefly of two 
thread-like main lateral trunks passing along each side of the body, and 
uniting together anteriorly by the anterior commissure and posteriorly by 
the posterior commissure. Dorsal and ventral branches are given off 
from the main trunk in each segment of from the first to the tenth. 

At the anterior end of the lateral trunk several branches arise and 

extend towards the head. There are three pairs of open spiracles locat^ 
on each segment from the second to the fourth. The tracheal system of 

the larva of the fifth stage (Text-fig. 11, B) is nearly similar to that of 
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the preceding stage, but the spiracles number nine pairs in all, opening 
on each segment from the second to the tenth. The spiracle leads into 
the spiracular trachea which connects with the main lateral trunk. The 
extreme end of the spiracular trachea is swollen representing a club-form 
structure (Textfig. 11*, C). The swollen part measures 0.02 mm. in 
diameter and in its center there opens a minute spiracle of 0 // diameter. 



Text-fig. 11. Tracheal system of the larva. A. Fourth stage larva. ^ f)!). 

B. Fifth stage larva. X 50. i\ Spiracle of the fifth stage larva, a.c anterior 
' commissure; l.t lateral trunk; p.c posterior commissure; s. spiracle; s.h si)iia- 
cular branch. 

The spiracle is.always kept open and there is no apparatus to close it. 
In the primary larvae of the entomophaiJius Cynipidae hitherto known 
there is no indication of the tracheal system. 

Many types of the primary larvae have been known among parasitic 
Hymenoptera. Of these, several types have been described where the 
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last segments are furnished with some appendages. These include for 
example, such forms as Limnerium (Ichneumonidae), Aphidius (("halcidae), 
Teleas (Scelionidae) and Eucoila (Cynipidae). The function gf the caudal 
appendage has been supposed by different writers to be either locomotory 
or respiratory. In the larva of the early stages- of the entomophagous 
Hymenoptera whose tracheal system is apneustic, the respiration must be 
cutaneous, and the caudal appendage may assist the function of absorbing 
oxygen by increasing the body-surface. The three pairs of thoracic ap¬ 
pendages which are characteristic to the eucoililorm larva may also assist 
the respiration as in the case of the caudal appendage above mentioned. 

Haviland, in his study of Charips, suggests that a kind of rectal respira¬ 
tion might exist in the case of the larvae of the early stages. The larva 
of the first stage of Charips is heavily armoured with dark segmented 
plates of chitin and these hard chitinous plates must prevent the cutaneous 
respiration of the larva. Hut the hind-gut of this species encloses a large 
lumen lined with a layer of modified hypoderm cells, and the anus is 
enlarged and spined, showing a spiracle like structure. HAvn.AND states 
that this peculiar structure of the anus and of the hind-gut might be cor¬ 
related with the respiration of the larva of this stage. It is also known 
that a peculiar modification of the hind gut occurs in the case of the 
larvae of certain Braconids, such as Apanteles and Microgaster, that is, 
the body terminates in a hollow bladder or vesicle lined with hyper¬ 
trophied cells. Gartenuy (1919) suggests that this structure is morpho¬ 
logically the hind-gut, and that it has become everted to execute the 
function of respiration. Tiiokre (1932) reports that in Apanteles and 
Microgastcr this kind of vesicle is of great importance in executing re¬ 
spiration, hut he also concludes by experiments tliat the vesicle, even 
when it is fully developed, it is not able to respond for more than about 
one-third of the total respiration. Havii^xnd supposes tliat with regard 
to the respiratory function the hind-gut of Charips is intermediate between 
the highly specialized structure of the Microgastrinae and the unmodified 
proctodaeum of most of the Hymenopterous larvae. 

In the first larval stage of Kleidotoma japonicay the hind-gut has a 
large lumen enclosed by medified hypoderm cells and the anus is of the 
enlarged type as in the case of Charips. In the second larval stage the 
hind-gut maintains the same globular shape seen in the first stage, although 
the anus is a little depressed and the spines surrounding it have diappeared. 
In the later stages of the larva the lumen of the hind-gut gradually di¬ 
minishes in size, and is smallest of all in the full-grown larva. In both the 
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first and second stage of ihe larvae there is no indication of the ti'acheal 
system, but in the later stages it is gradually developed. In the fourth 
larval stage there exist three pairs of spiracles and the tracheal system 
becomes functional, and in the fifth stage there appear nine pairs of 
spiracles. The development of the tracheal system is somewhat correlated 
with the degeneration of the lumen of the hind-gut. The larvae of the 
first and second stage are floating in the body-cavity of the host-insect- 
larva and consequently the oxygen must be absorbed from the surrounding 
tissues of the same. The writer is also inclined to have the opinion that 
the hind-gut takes part in performing the rectal respiration. Thus oxygen 
may be absorbed through the hind-gut as well as from the body-surface. 
But the larvae of the later stages which have nearly completely devoured 
the pupal body of thr^ host-insect, can take oxygen from the surrounding 
air by means of their spiracles. As the tracheal system becomes func¬ 
tional, the hind-gut may lose its function concerned with the gas-exchange 
and therefore it gradually df'generates. 

8. Moultings and Hibernation 

It is very difficult to observe directly the moultings of the larva during 
its development, for it grows inside the body-cavity of the host-insect and 
it also proves impossible to keep it alive for observation after removal 
from the host-insect. Therefore the determination of the number of 
moultings was based on the comparison of many individuals of different 
stages of growth, and on observations of larva which was just in the act 
of moulting. According to the present writer observations the larva of 
Kleidotoma japonica passes through five stages and moults four times 
before pupation. He was able to find many living larvae and some pupae 
contained within the larva and the puparia of the host-insect, at the end 
of October at the Tubame hot spring. At that time much snow had 
fallen, and the habitat of the insects seemed to be set entirely under 
winter conditions. From this fact it is suggested that most of Kleidotoma 
japonica probably pass the winter in the larval stage and some in the 
pupal stage. 


VI THE niPA 
(PI. XXin, Figs. 31. .32; 

The pupa of Kleidotoma japonica (PI. XXIII, Fig. 31) does not differ 
from the usual hymenopterous type, and will be described here briefly. 
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The female pupa measures about 2.1 mm, in length and the male about 
2.0 mm. The head nearly similar in shape to that of the adult. The 
antenna of the female pupa extends from the head along each side of 
the body, its extreme' end reaching the tip of the wing, whereas the 
antenna of the mah* pupa is much longer than that of the female, its 
extrem(‘ end reaching the body end. 'ITie compcjund eye bears numerous 
minute depressions on its surface. Th(‘ labrum is nearly a triangle in 
shape and its tip is protruded. The mandible is large and simpl<‘, bearing 
no dents. The maxillary |)alpi and the labial palpi are much larger than 
those of the adult, but their joints are scarcely recognizable (14. XXIII, 
Fig. :42). 

VII. rOMPAFUSON OF THF LARVAL ( HARACOKRS OF KIKIDOTOMA 

JAPONICA WnTLTHOSK OK OTHER ENTOMOPHAGOUS ( YNIPIDAE 

The biology of the entomophagous ('ynipidae including the Fucoilinae, 
the Figitina(\ and’Ihe Charipinae, has be(m less studied than that of most 
other groups of the parasitic Hymenoptera. As in the cases of som(' 
other [)arasitic Hymenot)tera, hyt)ermetamorphosis has be(*n known to 
occur in members of the entomophagous Cynipidac', whose life-cycle has 
been hitherto observed. As regards the early stages of the entomophagous 
Cynipidac', our knowledge is limited to the following few species. KfiLin 
and Pluvinfl (1912) reported the life history of Eucoila keilini, a parasite 
on Pogomyia, and describc'd the larva of the first stage. This kind of 
larva has been termed the FAicoiliform type by later authors. Havii^nd 
(1921) reported the biology of the Charipinae, including Bothryoxysta 
cuwata, Charips victHx and Alloxysta crythrothorax, and described their 
early larval forms. Thes(‘ Hies W('re obtained as hyperparasites from 
various Aphidiidae which were primary parasites upon aphids. Jamf.s 
(1928) reported the investigations made into the life-history of four Cynipid 
flies, e. i. Cothonaspis rapae (Kucoibnae), Klcidotoma marshalli, Kleidotoma 
^p. (Jiucoilinae), and Figiies ajithomyianmi (Figitinae), and de.scribed their 
larvae of the early stage. Cothonaspis rapae is a common parasite of the 
cabbage-root maggot and the oth(*r- thret* species are reared from carrion- 
feeding dipterous larvae. 

The primary larva of Kleidotoma japoiiica is of a typical eucoiliform 
bearing three pairs of thoracic appendages and a long caudal appendage. 
CothvnaspLs rapae and Kleidotoma rnarshalli which belong to Eucoilinae 
are also known to bear the typical thoracic and caudal appendages. The 
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presence of th(' peculiar thoracic np])encla^es and of the long caudal ap¬ 
pendage may he taken as the distinguishing feature of the Kucoilinae. 
Th(^ larva of the first stage of Cfiarips (( haripinae) has a long caudal 
apf)endage, hul thcTe is no indication of thoracic appendages. Further¬ 
more, it is heavily armouiavl with dark segmented [)lat(‘s of chit in, which 
are not s('en in other sp('(‘ies. The larva of th(‘ first stage' of Figites 
anihomy7arum resemhies the typical (‘ucoiliform types hut its thoracic 
apix'ndages an* very small and vestigial. 

Klcidoforna japonir-o has a spined enlai*g('d anus. This type of anus 
was first descril)e(l hy IIavtland in the larva of the first stage of Charips 
and later was found .Iames in the ('Ucoiliform larva(' of Cothonaspis 
rapae and ' KUndotoma marsludli. Keilin and Ih.rviNEi. (IfHd), in the 
study of Eucoila keilini, did not describe th(‘ anus, having appar('nil> 
omitted to examined. I'he anus of Figites anthomyiarum is not of the 
enlarg(‘d typ(‘ hut it appears as a narrow slit-lik(' opening, d'his form 
of anus has a souk* what similar resemhiance to that possessed hy the 
larva of tin* second stage of Khddofoma japotiica. 

No mandibles W(‘re d(*scriht‘d in th(* case* of the lar\'a of the* first 
.stage of Eucoila kmliiii ohservc'd hy Keilin and Pi.rviNEL, neith(‘r in 

the cas('s of Cothonaspis rapae, Kleidoiotna marshalh and Figites antbo- 
myinrtim investigated hy James. But th(* present writer was ahh* to 
recognize clearly a pair of mandibles in tin* larva of tht* first stag(‘ of 
Kleidoioma japonica, and a beak likt' sclerite situat(*d in the middle of 
the mouth. Hamland describes a pair of slendcu’ simple mandibles in 
the larvae of tlu* first and the* second stage of Chanps. 

As d('scrihed in th(* previous section, the larva of the sc'cond stage 
of Kleidoioma japonica has no any indications of thoracic ap[)endages 
and the caudal appedagu* is veiy small and vestigial. 

Jame.s describes the larva of the sc'cond stage* of each fly Figiies 

anthomyiarum, Kleidoioma marshalli and Kleidotoma sp. In tfu* cuse of 
Figites anthojnyiarum the larva of th(‘ S('cond stage* |)(>ssess('s a large 
(’('phalic segment followc'd by eleven very clearly d(‘fined segments, to 

the last of which is attached a long caudal app(‘ndage. The first r(‘- 

markable feature of this stage of larva is that, when it is compared witli 
the larva of tlu* first stage, it seems to have undergone a reduction in 
the number of body-segments. The second f(*ature is that each of the 
first ten body-segments possesses a pair of small processes. The mouth 
is similar to that of the t)rimary larva in having no mandibles. Anteriorly 
to the mouth the larva is armoured with a pair of long papillae, and on 
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the ventral surface of the head there is a conspi(‘u<)iis sensory organ 
consisting of a chitinous projection surmounted with a transparent tip. 
The last body-segment bears ventrally a stout caudal appendage taking 
a position making almost a right angle with the long axis of the body. 
An apneustic tracheal system is developed internally. 

Many suggestions are made by James with regard to the features of 
the early stage larvae of entomophagous Cynipidae. He notices that the 
larvae of the early stage bear a resemblance to certain developmental 
ptiases which, in other insects, are passed through in the egg stage. Beheese 
(1913) says that there ar<‘ thr(‘e distinct phases in the embryology of insects, 
basing his argument chiefly upon the condition of the segmentation and the 
development of the appendages. These three are called respectively the 
protopod, polypod and oligopod stage. James states that the larvae of the 
first stage of Eucoila, Cotfionaspis and Kleidotoma correspond to the protopod 
embryonic stage, and hatching from the egg in these forms might occur 
in the middle of the same embryonic stage. As to Figites anthomyiarum^ 
he places il as hatching later in embryonic development than any other 
first stage larva of the Cynipidae, because it is more definitely segmented. 
The larva of the first stage of Charips differs from all other larvae of 
the first stage of the ('ynipidae in being devoid of thoracic appendages, 
though very reduced ones of the same appear in the second stage. James 
considers that the larva of the second stage of Charips (dosely approximates 
to a protopod embryonic stage, the primary larva representing someting 
ontogenically prior to or at the beginning of the* protopod stage. He 
supports his opinion by the fact that the larvae of the second stage of 
Figites and Kleidoionui, being derived from the c^ucoilifurm larva, represent 
the polypod embryonic stage. J’he larva of the second stage of Figites 
anthomyiarurn and Kleidotoma marshalli illustrated by James, exactly 
resemble the polypod embryonic stage in possessing a pair of short ap¬ 
pendages on each body-segment. Accordingly James terms this type of 
larva the polypodeiform. He is also of the opinion that a great number 
of the parasitic Cynipidae which possess the definite protopod stage of 
primary larvae, will be found to have polypod stages in addition. 

The larva of the second stage of Kleidotoma japonica is different from 
those of Figites anthomyiarurn and Kleidotoma marshalli which are des¬ 
cribed by James on account of the absence of the segmental appendages 
and of the long caudal appendage, though its larva of the first stage 
may be of the typical eucoiliform. The short processes which mainly 
characterize the larva of the polypodeiform type, could not be observed 
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in any body-segment of Kleidotoma japonica. This fact does not agree 
with the conclusion come to by James. 

In comparing the larvae of the last stag(* of the various insects above 
observed, we find that there exist C(*rtain ‘structural differences among 
them. The full-grown larvae of Kleidotoma jnponica, Figiies anihorriyianim 
(Bouchk, 1831 ; James, 1928), and pAicoila keilini (Keilin and Peuvinki., 
1913) possess twelve segments, whereas those of Charips (Haviland, 1923} 
and of Anachari.s typicn (H andlirsch, 1886) have thirteen. As to the 
number of spiracles, the full-grown larvae of Klcidotoma japonica, Klcido- 
toma kt’ilini and Fifties nnihomyiarum are furnished with nine' pairs, while 
Cothonaspis rapae has eight pairs and Charips possesses only six pairs. 


VlTl. SUMMARY 

1) The cynipid fly which is described in this paper is new to science 
and is named Klcidotoma japonica. 

2) KleAdoloma japonica is an entomophagous parasite to he found 

inside the larva and the pupa of the Hot Spring Fly, Scatella calida 

Matsemuua. 

3) The larvae of th(' Hot Spring Fly live in the waters of hot springs 

which range from 30' to 10 (’ in temperature and from 1.0 to 6.5 in pH. 

4) When ready to emerge, the adult of Kleidotoma japonica pierces 
a hole in the dorsal side of the puparium of the host-insect, and then 
creeps out from it. The hole thus made is nearly round in shape, with 
a diameter of about 0.7 mm. 

5) The egg of K. japoriica is deposited inside the body-cavity of the 
larva of the first or of the seicond stage of the host. The egg laid is an 
elongated oval in shape, measuring 0.42 mm. in length and 0.12 mm. in 
breadth. It bears at its anterior end a narrow peduncle 0.25 mm. long. 

6) Hypermetamorphosis occurs in the larval history of K, japonica 
as in other cases of entomophagous (Jynipidae hitherto known. 

a) The larva of the first stage is of the typical eucoiliform provided 
with three pairs of thoracic appendages together with a long caudal ap¬ 
pendage. The mouth is of suctorial type, projecting on the ventral surface 
of the head, and is furnished with a pair of mandibles and with a beak¬ 
like sclerite. The anus is large and is of spined type, opening near the 
posterior end of the body, and has a diameter of 0.038 0.045 mm. 

b) The larva of the second stage is devoid of the thoracic appendages 
and of the long caudal appendage. The body is cylindrical in form, the 
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anterior end i)eing more or less truncated and the f)ostejior end pointed. 
Th(' mandibles are larpe and thick, and the maxillju^ are fused together 
with tlu* labium. The anus is transversely oval in shape and bears no 
spines. 

c) The larva of th(' third stage is an elongated oval in body-shape, 
and \vith th(‘ posterior end loss pointed than in the case of the preceding 
stage. The head has a pair of slight protuberances of art'a antennalis. 

(1) The larva of the fourth stage' is grub-like in iorm and is furnished 
with three' pairs of spirae'les. The' mandibles are stre>ngly chitinizeel and 
are' sharply pointed at the ape'x. 

o) 'Fhe larva of the* fifth stage is in the form of a legless grub of 
the usual hyme‘no])terous type', pi*ovifle'd with niiie pairs of spirach's. 
The mandible is strongly chitinize'd anel is dark bre)wn in colour, bearing 
about t(‘n dents. 

7) In the' larvae* both of the lirst and the se'cond stages the*re ai'C 
no indications of a tracheal system. Fhe larvae e)f both the' fourth and 
fifth stages have a well-de've'loped trae'he'al system. It 'consists chiefly of 
two main trunks, which pass along e'ae'h side of the' body, and are con- 
nc'cted with each othe'r hy the' anterior and pe)sl('ri()r ce^mmissures. The 
larva of the fourth stage* has three' pairs of spiracles, but lliat of the 
fifth stage has nine pairs, 

8) The digt'stive eainal is divided into three' poi'tions, — the foi’e-gut, 
the' mid-gut and the hind-gut. Flie mid-gul forms a voluminous sack 
occupying tin* greater part of the hody-cavity. The hind-gut of the larva 
ot the' first anel the' se'cond stage has a large globular lumen inside which 
ope'Hs into tlic enlarged anus. It is very likedy that the hind-gut of these 
stages assists the act of al)se)rption of oxygen from the host’s tissues and 
thus there may exist a kind of rectal respiration in the^ larvae of early 
stages. The hind-gut seen in the later stages proportionally diminishes in 
dimensions and do(*s not appear globular in form. There are a pair of 
salivary glands and a pair of Malpighian tubules on the ventral side of 
the guts. 

9) The full-grown larva devours the pupal-body of the host completely, 
and th('n pupates within the puparium of the same. 

10) The larva of the early stage of Kleidotoma japonica, n. sp. is 
compared with those of the other entomophagous Cynipidae hitherto 
known and is discussed as regards its structure. 
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EXPLANATIONS OF PLATES 

Plate XIX. Fig. 1. Kleidotoma japonira, n. sp. f ca. X 30. 

Fig. 2. Kleidotfrma japnnica, n. sp. 4- ca. X 30. 

Plate XX. Fig. 3, Fore wing of female. x50. 

Fig. 4. Hind wing of the same, x 50. 

Sc suhcoata; h basal is; r radius; r cubitus; r.c radial 
cellule 

Fig. 5. Antenna of malt'. x6.5. 

Fig. f). Antenna of female. x65. 

Fig. 7. Maxillae and labium of female. X 200. 

( cardo; g galea; gl glossa; l.p labia! palpus; m.p. 
maxillary f)alpus; p pnraglossa; s stipes 

Fig. H. Head of lemale, frontal view, x 6(>. 

Fig. y. Mandible of the same, X 160. 

Fig. 10. Thorax of female, dorsal view. 66. 

Fig. 11. Fore leg of female. X6f). 

Fig. 12. Mid leg of the same. x66. 

Fig. 13. Hind leg of the same. X 66. 

Plate XXL Fig. 14. Egg, just before hatching out. x2fM). 

Fig. 15. Egg. 

Fig. 16. First .stage larva. x200. 

Fig. 17, Anu.s of the same. y660. 

Fig. 18, Head of the same, lateral view. x(^0. 

Fig. 19, The same, frontal view. 'X660. 

b..s Ix'akdike sclerite; md mandible; p papilla 

Plate XXn. Fig. 3iU. .Second stage larva, ventral view. Xl30, 

Fig. 21. Head of the same, frontal view. x270. 

Fig. 22. Posterior part of the samt*, dorsal view. X 200, 
a anus 

Fig, 23. Third stage larva, dorsal view. x40. 

Fig. 24. Head of the same, dorsal view, x 170. 

a.a area antennalis; 1 labium; la labrum; md mandible: 
mx maxilla 

Plate XXHL Fig. 25. Fourth .stage larva, dor.sal view. X27. 

Fig. 26. Head of the same, frontal view'. X 170. 

a.a area antennalis; 1 labium; la labrum; md mandible; 
mx maxilla 

Fig. 27. Fifth stage larva, lateral view. x27. 

Fig, 28. Mandible of the same. x660. 

Fig. 29. Mouth-parts of the samt*. 

I labium: la labrum; md mandible; mx maxilla 

Fig. 30. Fifth stage larva, lateral view. x27. 

Fig, 31. Pupa, lateral view. X50. 

Fig. 32. Head of the same, x 66. 

cl rlypeus; la labium; md mandible; mx maxilla; m.p 
maxillary palpus; l.p labial palpus; g glossa 
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